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Abstract
Many technologically important processes in the chemical and mechanical industries
involve coupled interactions of heat and mass transfer with chemical reactions - e.g.
commercial burners, gas turbines, internal combustion engines, etc. However, detailed
computational studies of such processes remain difficult at best, particularly due to
the large reaction mechanisms that describe the chemical kinetics over the relevant
range of reaction conditions. As a result, reduced models that contain fewer reactions
and/or species while still capturing the "important" kinetics are often used in place of
the full comprehensive reaction model in modeling complex reacting flows. "Adaptive
Chemistry" - a method that uses several smaller locally-accurate reduced reaction
models rather than a single "catch-all" model - has been shown in the combustion
literature to be a viable option for improving computational efficiency in such studies.
However, several outstanding challenges have prevented the adoption of this method
in mainstream studies, most notably the difficulty of determining the accuracy of a
solution obtained using Adaptive Chemistry.
The focus of this research was to develop methods to enable efficient and accurate
implementation of Adaptive Chemistry for reacting flow simulations. A method was
developed for determining how much error may be tolerated in each reduced model
in order to achieve a desired accuracy in Adaptive Chemistry solutions at steady-
state. A novel model reduction method was also developed to obtain automatically
reduced models (based on reaction elimination) that are guaranteed to satisfy the
imposed error tolerances at all conditions in a user-specified range. In order to en-
able point-validated reduced models to be used accurately over ranges, an iterative
method was developed for identifying ranges of reaction conditions over which such
reduced models are guaranteed to remain valid. An Adaptive Chemistry method
that demonstrates the application of these methods is presented. Efficient implemen-
tations of construction, storage and retrieval of reduced models that are appropriate
for the reaction conditions encountered during Adaptive Chemistry simulations are
presented, including an algorithm that adapts the library of reduced models to the
solution trajectory "on the fly". The error-controlled Adaptive Chemistry method
developed here is the first method that enables rigorous control of the model reduc-
tion error in steady-state Adaptive Chemistry solutions, as demonstrated in 1-D and
2-D premixed and partially premixed flame simulations. Results of a collaborative
effort to facilitate engine research by developing the necessary cyberinfrastructure to
provide remote access to the model reduction tools developed here are also discussed.
Finally, methods are described for extending the error control criteria developed
and demonstrated for reduced reaction models to reduced-species models and sugges-
tions are made for future research in Adaptive Chemistry.
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Chapter 1
Introduction
1.1 Motivation
Many processes in the chemical industry (such as pyrolysis, oxidation, halogenation,
gasification, cracking and combustion) have found applications in important tech-
nologies that involve coupled interactions of heat and mass transfer with chemical re-
actions, e.g. commercial burners, gas turbines, ramjets, internal combustion engines,
etc. A detailed understanding of what happens when a "fuel" burns in these applica-
tions has become very important in recent years for several reasons. Most importantly,
it is now widely recognized that the side-products of these processes have important
health impacts. Consequently, stricter environmental regulations have been devel-
oped requiring more stringent control of the production of these "emissions". Also, a
realization that the supply of fossil fuels in nature is limited (and that the capacity
of the atmosphere to absorb CO 2 is finite) has led to great interest and investigations
into renewable sources of energy and more efficient methods of energy conversion.
For instance, the Homogenous Charge Compression Ignition (HCCI) engine is being
investigated by several researchers as a more energy-efficient alternative to the Spark
Ignition (SI) engine [2, 15, 23]. The smooth operation of this engine is directly tied
to the details of the combustion process.
While it is usually possible to perform experimental studies to understand these
processes and design the applications, computational studies are a more attractive
prospect because they can provide greater insight at a lower monetary cost. In the
computational study, one should consider the details of both the fluid dynamics and
the chemical reactions in order to accurately predict the behavior of the application
in which they are coupled. However, a comprehensive list of the chemical reactions
occurring throughout the process typically consists of tens to hundreds of chemical
species involved in hundreds to thousands of elementary reactions, in general increas-
ing with the size of the fuel. When such a. detailed chemical reaction mechanism is
coupled with a detailed fluid dynamics model one ends up with a system of equations
that is computationally very expensive to solve, particularly in multi-dimensional
flows. Indeed, one finds that 85-95% of the computational effort is due to the de-
tailed chemical reaction mechanism and that the overall computational expense grows
(roughly) linearly with the number of reactions considered and quadratically with the
number of species [58, 7]. Therefore, one is usually forced to sacrifice the chemical
details in order to capture the fluid dynamical details, or vice versa. The result
is that one cannot legitimately replace experiments with computational methods in
designing these applications.
This thesis project was motivated by the need to develop new techniques and
tools to enable accurate detailed consideration of both fluid dynamics and chemical
kinetics in computational studies of reacting flows. This would ultimately enable
the use of computational methods as a viable alternative to experiments in studying
and designing applications that involve coupled fluid dynamics + chemical reaction
interactions, such as those described above.
1.1.1 Kinetic Model Reduction
As already stated, it is well-known that the computational cost of a reacting flow sim-
ulation significantly increases with the size and complexity of the reaction mechanism
used to model the chemical kinetics. As a result, efforts to improve computational
efficiency have focused largely on simplification of the large kinetic models usually en-
countered in combustion modeling. Several reduction techniques have been developed
such as computational singular perturbation (CSP), lifetime analysis, and several op-
timization approaches [20, 27, 16, 60, 33, 30, 7, 51, 61] (see [56, 28, 38] for a brief
review and comparison). The basic idea of these reduction methods is to decrease
the number of chemical species and/or reactions in the model without significantly
changing the prediction of specified parameters from the values predicted using the
full model. In general, the computational gain realized by using these reduced models
increases but accuracy decreases with the extent of reduction.
Further, many researchers have noted that the error due to model reduction de-
pends on the range of reaction conditions; in general, the size of a reduced model
increases when it is required to be valid over a wider range of reaction conditions
[58, 51, 3, 31, 30, 48] (a reduced model is said to be "valid" when it reproduces the
full chemistry model to within some tolerance). This observation has led to great
interest in the development of adaptive reduction methods where each reduced model
is only required to be valid over a very limited range of reaction conditions. Outside
of this range, a different reduced model is applied. Thus, several reduced models are
developed, each one covering a limited portion of the total range and therefore much
smaller than a single skeletal model that would cover the entire range of reaction con-
ditions in a simulation. This adaptive approach and related ideas have appeared in
many different forms [58, 45, 59, 3, 48, 29]. These methods are often effective at reduc-
ing CPU requirements, but usually it is not possible to determine rigorously whether
a correct solution was obtained by using these approximations to the full chemistry,
except by running the full-chemistry simulation. Of course, such approximations are
motivated by the need to avoid these expensive full-chemistry computations in the
first place, so it is impractical to require a full-chemistry solution in order to validate
the accuracy of the approximations. Here we present an error-controlled method fol-
lowing the "Adaptive Chemistry" concept of Schwer et al. [18, 48] (described in the
next section).
1.2 Adaptive Chemistry
For a reacting fluid with Ns chemical species, let = [T, C] define the thermo-
chemical state of the system at a given spatial location, where T is the temperature
and Ci is the molar concentration of species i. Then, ¢ represents a point in the
(Ns + 1)-dimensional state space with coordinate axes T and Ci (i = 1, 2,...,Ns)-
As illustrated in Figure 1-1, the solution at a given spatial location in the reacting
flow evolves in time along some trajectory in state space, from the starting conditions
to the final solution. One could estimate a set of boundaries in this state space that
encloses all solution trajectories everywhere in the reacting flow throughout the simu-
lation. The region enclosed by these boundaries is called the "accessed" region. In the
traditional approach, one would require a single comprehensive mechanism that con-
tains every chemical kinetic detail that is important anywhere in the accessed region.
Instead, Adaptive Chemistry approaches partition this space into several smaller sub-
regions and various (smaller) reduced chemistry models are used depending on the
local reaction conditions (see Figure 1-1b). It is most convenient to make these sub-
regions (Ns + 1)-dimensional hyper-rectangles with edges parallel to the coordinate
axes (we shall call these "boxes"). During the simulation, the Adaptive Chemistry
algorithm identifies and applies the reduced model that is appropriate for modeling
chemical kinetics at each grid point based on its current position in state space, thus
improving the efficiency of the simulation. Note that other researchers have described
the sub-regions using hyper-ellipses and other shapes (see [45, 3]).
In order to apply Adaptive Chemistry, one must be able to develop a reduced
chemistry model for each box (a range) in the partitioned accessed region. Therefore,
one must be able to develop a reduced model that is applicable over a pre-specified
range of reaction conditions. As discussed in chapter 2, it is necessary (for rigorous
accracy control) to be able to control rigorously the amount of error introduced each
time a reduced model is used during the simulation. Since most model reduction
methods only validate the reduced model at individual points in state space, one
usually has to make approximations to extend these methods to ranges. However,
T(K)
T(K)
Co 2(mol/cm3)
(a)
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Figure 1-1: Solution trajectories in state space starting from two different initial
conditions. The solution starts from the dot and progresses along the path indicated
by the arrow over the course of the simulation. (a) In the traditional full model
approach, a single large comprehensive reaction mechanism is used that captures all
the chemistry that is important anywhere in the region enclosed by the boundaries
denoted by the dashed lines (i.e. the accessed region). (b) In Adaptive Chemistry,
the accessed region is partitioned into smaller boxes and only a small subset of the
comprehensive mechanism is required in each box.
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as discussed in §3.1 the validity of these approximations cannot be guaranteed and
reduced models derived for ranges in this manner can lead to significant errors. The
methods introduced in chapter 3 will always yield a reduced model guaranteed to
be valid over a range of reaction conditions. Particularly, the method described in
§3.2 yields automatically a reduced reaction model that satisfies user-specified error
constraints over a user-supplied box. This enables the automatic construction of
reduced-model libraries for Adaptive Chemistry. Appropriate error tolerances for
model reduction in each box are determined using the criteria outlined in chapter 2.
Also, one must be able to efficiently characterize and partition the accessed region
and store and retrieve (potentially large amounts of) reduced model information as
needed during the Adaptive Chemistry simulation. Algorithms were developed to
accomplish this and they are described in chapter 4.
Finally, the Adaptive Chemistry algorithm should be easily interfaced with ar-
bitrary numerical CFD solvers. This is accomplished in this work as described in
chapter 5.
1.3 Existing Adaptive methods for modeling Chem-
ical Kinetics
In addition to the "Adaptive Chemistry" ideas described in Refs. [3, 29, 48], "Adap-
tive tabulation" methods have been used to reduce the cost of solving the expensive
ordinary differential equations (ODE) describing the chemical kinetics by storing (pa-
rameters from) solutions of the integration over different timesteps, for several sets
of initial conditions. These tabulation methods are useful in split-operator solvers
where the fluid dynamics and the chemistry are decoupled in the numerical inte-
gration scheme. The idea is to be able to readily apply the stored solution of the
chemistry integration (rather than repeating the integration) if similar conditions
are encoutered at a later point in the simulation. When the initial conditions and
timestep for a new integration do not match exactly but are close to the values for a
stored solution, an interpolation/extrapolation scheme that is several times cheaper
than direct integration is applied to estimate the new solution from stored solutions.
Integration of the full set of chemistry ODEs is performed only when it is determined
that there is no sufficiently accurate tabulated solution for the present conditions.
Two main adaptive tabulation approaches have been described in the combustion
literature: "Piecewise Reusable Implementation of Solution Mapping" (PRISM) [58,
57], in which the interpolation functions are second order polynomials, and "In-situ
Adaptive Tabulation" (ISAT) [45], which uses a first order Taylor expansion about
a stored point to estimate the solution at neighbouring points. Both approaches are
described briefly below.
Piecewise Reusable Implementation of Solution Mapping
In PRISM [58], the chemical composition space is partitioned and indexed in Ns + 2
dimensional space (Ns species + time + temperature). In each hypercube in the
partitioned space, the solution of the chemistry integration is parametrized using
a polynomial expression composed of quadratic terms of each species concentration,
time, and temperature. The coefficients of the polynomial are calculated using regres-
sion points determined from surface response theory methods, and they are calculated
for a hypercube only when a solution trajectory enters the hypercube during the simu-
lation. These polynomial coefficients are stored along with the hypercube coordinates
in a memory-resident list (or in a combination of memory-resident list and a disk file).
When the hypercube is revisited during the course of the simulation, the polynomial
coefficients are retrieved and the solution of the chemistry integration for the new
initial conditions is estimated by evaluating the second order polynomial, which is
several times cheaper than performing the direct integration.
However, direct integration must be performed several times in order to obtain
regression data when a hypercube is visited for the first time. Therefore, the initial
stages of a PRISM simulation are significantly more expensive than traditional solu-
tion methods and overall computational savings are realized only when hypercubes
are revisited very frequently. Moreover, the hypercubes must be kept relatively small
in order to limit the errors of the polynomial regressions.
In-situ Adaptive Tabulation
In ISAT [45], the initial conditions and the final solution of each chemistry integration
over a fixed time interval are stored in a lookup table. A first order Taylor expansion
around this stored point is used to estimate solutions for initial conditions that lie
within an estimated "Ellipsoid of Accuracy" (EOA) containing the stored point, in
which the (estimated) error of the Taylor expansion is below a specified tolerance.
If a query point does not lie within any existing EOA, direct integration is used to
obtain the solution. The integrated solution is then compared with the approximated
solution from an existing EOA and if the approximation error is found to be below
the specified tolerance the EOA is expanded to include the new point. Otherwise, a
new entry is created in the solution lookup table and an EOA is estimated for the new
point. Thus, in an ISAT simulation there is a growing lookup table of ODE solutions,
given initial conditions as input. Note that ISAT does not store the timestep size
as a query parameter, so a uniform stepsize must be used throughout the simulation
(which is usually the case in PDF simulations of turbulent combustion, although it
is not practical when simulating most reacting systems). As in PRISM, the initial
stages of an ISAT simulation are more expensive than traditional solution methods,
since new tabulations must be created for most points (see [45]). As the simulation
proceeds and similar points are revisited, the EOAs grow and later, solutions for most
of the points can be retrieved from the lookup table. Overall computational gain is
realized when the EOAs are revisited very frequently.
These adaptive tabulation methods (PRISM and ISAT) are quite effective for
split-operator solvers. However, since each tabulation can only be used accurately
over a small range of conditions, tabulation methods are highly memory-intensive
and quickly become intractable for mechanisms of even moderate dimensionality.
They are also limited in that they cannot be implemented in coupled reacting flow
solvers. Further, the existing methods described above use approximate procedures
to adjust the accuracy of the simplifications made to the chemistry and appropriate
local accuracy constraints are determined only through trial and error.
Adaptive Chemistry differs conceptually from adaptive tabulation methods in
that, rather than storing integrated solutions, Adaptive Chemistry stores reduced
chemistry models that can be used for integration from several initial conditions and
over several timestep sizes. This is advantageous particularly because such reduced
models typically are accurate over wider ranges of conditions than are interpolations
or extrapolations of tabulated solutions. Therefore, less storage is required to cover
the accessed region of state space in a simulation and Adaptive Chemistry can be
used to efficiently simulate reacting systems of much larger dimensionality than the
tabulation methods.
The Adaptive Chemistry method developed in this research overcomes other chal-
lenges of existing tabulation methods as described in subsequent chapters. In partic-
ular, the method developed in this research enables a rigorous statement about the
closeness of steady-state solutions obtained using Adaptive Chemistry to the solution
that would have been obtained if one had solved the more expensive full-chemistry
problem. Further, as will be shown in subsequent chapters, one is able to directly
control this agreement to a desired level. Future work on this Adaptive Chemistry
method should extend the error control to time-dependent problems and to species
elimination in model reduction.

Chapter 2
Error Control in Adaptive
Chemistry Simulations
It has been demonstrated in the literature (see [18, 49, 48, 29, 59, 3]) that Adaptive
Chemistry can be used to improve the computational efficiency of reacting flow sim-
ulations by replacing the comprehensive reaction model with several smaller reduced
models that are adapted to local reaction conditions. By requiring each model to be
valid only in a limited range of reaction conditions, several reactions and/or species in
the comprehensive mechanism can be ignored where their effect on the kinetics of the
system is "negligible" locally. However, such model reduction is an approximation
and one is faced with the challenge of ensuring that it does not degrade the accuracy
of a reacting flow simulation.
Most mathematical approaches for model reduction include a measure of the dis-
crepancy between a reduced model and the full model. Therefore, the term "neg-
ligible" used above is usually defined quantitatively in some form and often can be
controlled. However, the reacting flow modeler is typically interested in controlling
the accuracy of the final outputs in simulations, while the "control knobs" provided
in model reduction only directly influence the accuracy of preset parameters for a
preset test system. For example, many optimization-based model reduction methods
validate the accuracy of a reduced model by setting a tolerance on the error in its
solution of the ODEs describing a batch reactor, integrated over some defined time
interval [1, 61]. When these reduced models are coupled with fluid dynamics in re-
acting flow computations, the validation analyses performed for the reduced models
no longer apply. A different system of equations is now being solved and there is no
guarantee that a correct solution will be obtained with the reduced models. Thus
the modeler is left to determine, usually by trial and error, how much error may be
tolerated in a reduced model in order to achieve the desired accuracy in the final
solution.
It is known that in general one can obtain a more accurate solution by tolerating
less error in the reduced model. However, fewer reactions and species may be ignored
when less error is tolerated, so the computational advantage of the reduced model de-
creases. Optimally, the smallest possible reduced models (with the largest permissible
errors) should be used to achieve a final solution of a desired accuracy. Therefore, it
is very important to be able to control directly the accuracy of the reduced model to
meet the accuracy requirements of the final solution in any simulation. An approach
developed to accomplish this for steady-state problems is described below.
2.1 An approach for steady-state problems
In a typical steady-state reacting flow simulation, the temperature equation and the
species conservation equations at each grid point can be written as:
() + = Vj = 1, . . ., Ns +1 (2.1)
where Oj contains the transport/fluid dynamics terms and Sj is the chemical reaction
source term for the jth species and for temperature. The sub-vector 4 contains the
values of the temperature and species concentrations, which describe the thermo-
chemical state of the system at a grid point k, as well as other variables of fluid
dynamical interest (such as fluid velocities). , is the solution vector of all 4 at
all grid points in the computational domain. There are M other equations in the
discretized model (momentum conservation, etc.) whose residuals must also vanish
at the true solution, that do not depend on the chemistry source terms Sj:
R m  )= 0; m 1,..., M; Vk = 1,..., Ngrid. (2.2)
Note that Ok and Rk depend on the values of q at multiple grid points in addition
to the grid point k.
The iterative numerical solution of equations (2.1) and (2.2) will be terminated at
some approximate q that is considered to be close enough to the exact steady-state
solution:
e)(+ S( ) <j  ; Vj= ,...,g Ns + 1; Vk = 1,..., Ngrid (2.3)
R( < Em; Vm = 1, ..., M;
where 6 and E are the numerical convergence error tolerances. Thus, the numerical
steady-state solution is considered to be sufficiently accurate when it satisfies equation
(2.3). As is well known, it can be difficult to determine how accurately the numerical
solution ¢ that satisfies equation (2.3) emulates the value of the true solution ctrue of
the exact partial differential equation system. Here we confine ourselves to the simpler
issue of what happens to the numerical solution when the chemistry source terms Sj
are replaced by an approximation Sj•duced . In other words, it is assumed that the
modeller has somehow determined the appropriate residual tolerance parameters 6
and e for the full model problem and we wish "simply" to determine how to solve the
problem to similar accuracy using the more efficient method of Adaptive Chemistry.
If the reacting flow problem is solved using reduced chemistry models, an approx-
- red - redimate steady-state solution r will be obtained. Inserting r into equation (2.3),
the reduced model solution is sufficiently accurate if and only if it satisfies:
Sred S(red
e) (red + Skreduced(red) + S red - Skreduc d red)(24
(2.4)
Vj = 1, ..., Ns + 1,
Rk (red) < Em; Vm= ,...,M
at all the grid points k = 1,..., Ngrid. Using the model reduction method that was
developed by Bhattacharjee et al. [7] for implementation in Adaptive Chemistry, the
deviations ISj (q) - Sjeduced(0)| are bounded from above by user-specified tolerances
tolj at all points q considered when constructing the reduced model. Consequently,
if a reduced model is used only where it was validated, one is guaranteed that:
IS ( -red) - Sreduced(red)I <tolj; Vj = 1,..., Ns + 1, (2.5)
and (from equation (2.4)) that the reduced model solution is accurate if it satisfies
(at all grid points):
I ed k reduced ~red0 +(_re  S  reduceded) tolj <5 6; Vj = i, . . . , Ns + 1,)( (2.6)
Therefore, by terminating the reduced model simulation only when
( red + Sredced( red) tolj; Vj = 1,..., Ns + 1,
< m; Vm = 1, ... , 
(2.7)
at all grid points, one is assured (without having to solve the full-chemistry problem)
that ýred is an acceptable steady-state solution to the full-chemistry discretized react-
ing flow problem with a numerical convergence error tolerance 6j (see equation (2.3)).
Thus, one clearly sees the effect of the model reduction tolerances on the final steady-
state solution. The tolerances can be selected appropriately a priori using equations
(2.7) and (2.3), thereby controlling the accuracy of the reduced models based on the
desired accuracy of the final solution.
Of course, rigorousness of the error control strategy described above requires that
the magnitude of the error in the chemistry source terms for a reduced model not
exceed tolj whenever the reduced model is used in a simulation. However, this cannot
always be guaranteed using the point-constrained model reduction method of Bhat-
tacharjee et al.. This is the subject of the discussion in chapter 3. The methods
developed in chapter 3 enable rigorous control of the error in the chemistry source
terms whenever a reduced model is used in a reacting flow simulation. Thus, one is
able to ensure that the model error tolerance tolj is always satisfied and consequently
(using the error control criteria described above) that the Adaptive Chemistry solu-
tion is accurate.
The reduced-model error control approach described above for steady-state Adap-
tive Chemistry simulations is further developed and implemented over the remainder
of this thesis. Effectiveness of the approach is demonstrated with several practical
examples in chapter 5. Application to reduced-species models is discussed in chapter
7.

Chapter 3
Design of reduced models with
rigorous valid ranges
The error control method discussed in Chapter 2 requires a known upper limit on
the error introduced in Sj(0) each time a reduced model is used instead of the full
model. However, reduced models are usually associated with a specific set of nominal
reaction conditions. Particularly, the model reduction method of Bhattacharjee et al.
[7] developed for implementation in Adaptive Chemistry, which always gives a global
minimum subset of a comprehensive model that sufficiently mimics the full model, is
strictly known to be valid (a reduced model is said to be "valid" when it satisfies a
known error tolerance) only at the nominal reaction conditions for which the model
is reduced (as will be explained shortly). Using a reduced model at a condition where
it may not be valid leads to unquantified errors, making it difficult to determine the
accuracy of the Adaptive Chemistry simulation. On the other hand, it would be
impractical to attempt to obtain a separate reduced model for every point in the
state space encountered during a simulation. Instead, a smaller number of reduced
models can be obtained with valid ranges that cumulatively cover the entire region of
state space encountered. The focus of the work discussed in this chapter is to develop
methods for obtaining reduced models with rigorous valid ranges in order to enable
construction of libraries of reduced models for implementation of Adaptive Chemistry
with rigorous error control. The methods described here have been discussed in Refs
[40, 42, 41].
While the present chapter focuses on how the new methods for obtaining reduced
models with valid ranges can be used in Adaptive Chemistry simulations, it is ex-
pected that these valid ranges will be useful in many other applications.
The remainder of this chapter is structured as follows. First, we outline the
formulation of the point-constrained model reduction method of Bhattacharjee et al.
Then, we describe our new method for determining rigorous valid ranges, followed by
several results demonstrating the applicability of the method to large systems. In the
second half of the chapter, we discuss a novel optimization-based range-constrained
model reduction method and show some results applying the method. In each case,
we draw some conclusions on the contributions of the new method.
3.1 Valid Range Identification for Point-constrained
Reduced Models
For model reduction we use the point-constrained method of Bhattacharjee et al. [7],
which identifies a reduced model constructed by deleting reactions from a full model,
which satisfies the error constraints:
ISj() - S•jrduced (, z)I <• atolj + rtolSj() , Vj = 1,..., Ns (3.1)
at some specified reaction condition ¢ and which is guaranteed to have the smallest
possible number of reactions. Sj is the rate of change of the jth state variable qj due
to chemical reactions. For isobaric simulations, the Ns. + 1 state variables of chemical
interest are the Ns species mass fractions Y and the temperature T.
It is convenient to label reduced models formed by reaction deletion with an integer
vector z; if Zk = 1 a reaction is included and if Zk = 0 the reaction is deleted, so
S(O) = SftI( 4 ,zk = 1, Zkk = 1, Vk..., NR). For convenience, we define the residual
error:
ej(¢, z) = IS(0() - Sjeduced((, z)j (atol + rtolj ISj(0)) (3.2)
so that reduced models that satisfy the error constraints in equation (3.1) have Ej <
0, Vj = 1,..., Ns + 1. In the current work we focus on isobaric, adiabatic flame
simulations where:
Ej Zkijkrk() : i = 1,...,NsS ( )= k=l (3.3)
Cp() ZhiSi (, z) : j = Ns+ 1.
i=1
Here, NR is the total number of reactions in the comprehensive mechanism, Vjk is the
stoichiometric coefficient of species j in reaction k (whose rate is represented as rk),
C, is the mean specific heat of the gas mixture, and p is the gas density. wtj and hi
represent species molecular weights and specific mass enthalpies respectively.
Of course, we really want to use the reduced model over a range of reaction
conditions D rather than at a single reaction condition ¢, so we would like a method
for identifying a range 4 guaranteed to satisfy error bound equation (3.1) at every
point q in the range. Many prior researchers [45, 51, 53, 17] have developed ways to
approximate ranges D, but none of these can guarantee that ej < 0 for every ¢ in the
range they identify, since the region defined by the set of all O's satisfying equation
(3.1) is almost always highly nonconvex (cf. Figure 3-1) and very high-dimensional.
We introduce a method to accomplish this using Taylor Model inclusions with an
iterative algorithm as discussed below.
3.1.1 Computational Method
For a reduced model obtained using the set of general nonlinear constraints (3.1),
we identify a rigorous valid range described as a box fully inscribed within the full
valid range of arbitrary geometry (cf. Figure 3-3b). Ensuring that this box is fully
inscribed and so does not include any invalid point involves the use of Taylor model
inclusions, explained later.
As used here, a box is simply a hyper-rectangle with all its edges parallel to
the coordinate axes (cf. Figure 3-2). Note that a box can be uniquely described
using just two vertex points, 1,o and 0,p, corresponding to the minima and maxima
Full
valid range
Figure 3-1: Nonconvex valid range defined by 5 constraints. Notice that evaluating the
constraints at the 9 grid points shown can lead to the false conclusion that the model
is valid in the entire rectangle. This issue becomes more severe in high-dimensional
spaces.
(respectively) of all the dimensions. Since all points in the box are such that ¢ E
[lo, ~up], the box is defined as ( = [1o, ¢Op]. Therefore the memory requirement
for storing information about the valid range only grows linearly with the number of
dimensions.
The procedure for identifying rigorous valid ranges for reduced models is summa-
rized as follows:
1. Identify a point in the full valid range (any point used for model reduction);
2. Construct a (guess) box around that point, representing the expected valid
range of the reduced model;
3. For each constraint, calculate a rigorous upper bound on the maximum value
(in the box) of Ej (cf. equation (3.2)) using Taylor model inclusions. A rigorous
upper bound, Ep(@), satisfies: Ep() > max((), where Emax(cJ) is the max-
imum value of e(0) in the box Q. If all e~p,j(I) < 0, then all constraints are
satisfied and this box is fully inscribed within the full valid range. Otherwise,
4. decrease the size of the box by shrinking its edges toward the known valid point.
Repeat steps 3 and 4 until all epj(4) < 0. This process is illustrated schematically
in Figure 3-3. Notice that several different boxes can be inscribed within the full
valid range when starting from the same initial guess. The relative lengths of the
edges of the particular inscribed box will be determined by the details of the iterative
algorithm used to shrink the box. On the other hand, the closeness of the edges of
the box to the boundaries of the full valid range at convergence is controlled by the
closeness of u,(4D) to Emax( 4 ). Therefore, in order to maximize the valid range it is
important to bound Emax (4) very closely. This is the reason for using Taylor model
inclusions as discussed next.
Note that this approach determines the accuracy of reduced models relative to
a reference (full) mechanism, requiring that both the reduced mechanism and the
reference mechanism be available. Although (as described above) additional process-
ing is necessary before the reduced model can be used in a simulation, the process
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Figure 3-2: A box D in (a) 2-D state space, and (b) 3-D state space, uniquely defined
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Figure 3-3: Procedure for identifying valid ranges: (a) construct expected valid range
as hyper-rectangle around known valid point (b) iteratively shrink the hyper-rectangle
around the valid point until upper bounds on all the model errors Ej < 0.
described above enables each reduced model to be rigorously applicable over a known
range of conditions. Therefore, the same reduced model can always be reused when-
ever conditions are encountered within its (usually large) identified valid range. The
CPU time required to identify the rigorous valid ranges is usually insignificant com-
pared to other steps in simulations where reduced models are required (for simpler
simulations, one would just use the full chemistry model).
We emphasize that the method presented here is general and very broadly applica-
ble. It is also computationally efficient since the computational cost grows modestly
with the dimensionality of the model (cf. Figure 3-7). Further, no assumptions are
made about the nature of the constraints. Therefore, the method can be applied to
the problem of finding a rigorous feasible range of any set of constraints with arbi-
trarily high dimensionality, using an iterative algorithm that is tailored to the desired
application. Here we have applied the method to the problem of identifying rigorous
valid ranges for point-constrained reduced models. We have implemented the method
in a research software package called RIOT (Range Identification and Optimization
Tool) for kinetic model reduction and validation. Details of this implementation are
provided in §3.1.4.
3.1.2 Taylor Model Inclusions
The method described above requires rigorous upper bounds over ranges up(D), which
are computed as Taylor Model inclusions using interval arithmetic.
Interval Arithmetic
Interval arithmetic is commonly used to solve problems where the range of function
g, on a given multidimensional set X, is desired (e.g. global optimization [13]). The
resulting prediction of the range of function g is called the interval extension of g on
X, where X = [xo, xu,]. The different interval arithmetic operations are summarized
in equation (3.4).
Given the one-dimensional sets S = [sto, sup] and T = [tto, tp], then
S + T = [Slo + tlo, sup + tupl,
S - T = [sto - tup, sup - tio], (3.4)
S * T = [min(slotlo, slot,, Sutlo, stu), max(slotlo, slotup, suptlo, Suptup)],
S/T = S * 1/T = [so, sup] * [1/tup, 1/tto] if 0 0 T.
Bounds on intrinsic functions can also be determined using interval functions such as:
exp(S) = [exp(slo), exp(sup)], (35)
log(T) = [log(tlo), log(tup)] if 0 0 T.
An important property of interval arithmetic is that the computed interval extensions
are always inclusions of the true range of the function [46], i.e.:
(X) C G (X) (3.6)
where ý(X) is the true range and G(X) is the interval extension of g on X. Therefore
this bounding method will always give rigorous upper (and lower) bounds on the
range. The interval operations are also inclusion isotone, which means that G(X)
approaches g(X) as the width (size) of interval X decreases [46]. Therefore tighter
bounds can be obtained by using smaller intervals. Interval extensions obtained by
applying the interval arithmetic operations directly to a function are referred to in
this work as natural interval extensions, while interval extensions of Taylor models of
functions are called Taylor model inclusions.
Most evaluation programs (i.e. computer programs evaluating functions) may be
decomposed into a sequence of elementary operations. For example, the function
x2 + sin(x 2 + 3) may be decomposed into the following sequence:
A1 = x
A2 = 2A
A3 = 2 + 3 (3.7)
A4 = sin(A3 )
A5 = A2 + A4
where the elementary operations (denoted by the Ai) usually correspond to unary and
binary operations (e.g.-, +, *, /) and intrinsic functions (e.g. sin, exp, etc.). There-
fore, evaluating each ej in equation (3.2) on a computer requires a sequence of elemen-
tary operations. However, when applying interval arithmetic, a new interval variable
is introduced by each operation, resulting in significantly more independently-varying
intervals than the original set. This is the basis of the so-called "dependency" prob-
lem known to cause blow-ups in the ranges computed by natural interval extensions.
To illustrate the dependency problem, consider the simple function:
g(x) = 3x. (3.8)
The natural interval extension of g on X = [-1, 1] yields G(X) = g(X) = [-3, 3]. If
the same function is evaluated in a different form:
f(x) = 5x; h(x) = 2x; (3.9)
g(x) = f(x) - h(x),
the natural interval extension of g on the same set X in this case yields
G(X) = [(ffo - h,,), (fmp - hto)] = [-7, 7]. (3.10)
The computed inclusion becomes larger even though it is clearly the same function
expressed differently. It has been demonstrated that Taylor models can be used
to efficiently control the dependency problem [34]. By using Taylor models, the
function of interest is expressed as a polynomial plus a remainder. Then the multiple
operations from which the function is composed are only used in determining the
coefficients of the polynomial and in bounding the (usually much smaller) remainder
term. When all coefficients have been determined the interval extension of the Taylor
polynomial is evaluated in a single step, thereby mitigating the dependency problem.
Thus, we express all ej(q) using Taylor models (TM).
Taylor Models
An (n + 1)th-order differentiable function f(x) is represented exactly by an nth-order
Taylor expansion with a polynomial and a remainder term:
T,, = Pn,f(nth-order Taylor polynomial) + Rn+I,1 (remainder) (3.11)
= i [(x - XO) V]i f(xo) + n [(X - XO) -V] nlf(x)
i=O (3.12)
Z0 = ( 10o,..., Xmo)T , x E X -= [x0, x].
In many applications the remainder term is neglected, with error of order (max IAxji)n+1
because the exact value of X is typically unknown. However, for interval arithmetic,
the remainder term is retained and treated as an interval function, ensuring that an
interval extension of a TM will always be an inclusion of the true function range. The
function f is bounded by evaluating the interval extension of Tn?,, the Taylor model
inclusion of f.
For the relatively high dimension and complicated functions f = Ej (¢) that we
are attempting to bound, it is quite tedious to construct the Taylor models and the
interval extensions by hand. Here instead we use the DAEPACK software package
[55, 54], which uses analytical Automatic Differentiation technology to compute the
derivatives needed in the Taylor models symbolically and then automatically breaks
down the TM terms (as is done for a simple case in equation (3.7)) in order to compute
the interval extensions of ej(0) that we require. In most respects, DAEPACK uses
algorithms similar to those laid out in [5]. Further details on DAEPACK are provided
in §3.1.4.
Note that the bounds esp, (4) obtained will be different depending on exactly
how the functions Ej (4) are written, and exactly what center points are used for
the Taylor expansions. So, there is some scope for intelligent human intervention to
assist this automatic code in constructing tight bounds. The details of the particular
implementation developed in this research are discussed in §3.1.4.
3.1.3 Iterative Algorithm for Identifying Valid Ranges
The iterative algorithm is based on the fact that a reduced model is known to be
valid in P in the limit 4D - 0 o, when the point 0o E ( is used during model re-
duction. Additionally, inclusion isotonicity implies that Eup -+ Emax as the interval
size converges to zero. Therefore, by trying incrementally smaller boxes enclosing the
valid point, one can always find a box fully inscribed within the full valid range (the
smallest such box being the known valid point itself). As is evident from Figure 3-3,
the difficulty is in determining which edges to shrink at each iteration and by how
much. The most basic search would involve shrinking all edges by a certain fraction
at each iteration. However, when the known valid point lies on or near the boundary
of the full valid range and is centered in the guess box this algorithm would shrink
the box down much more than is necessary (as illustrated in Figure 3-4). Several
heuristics can be added to develop a more robust algorithm for a desired application.
Details of the heuristics used in this particular implementation are provided below,
in §3.1.4.
3.1.4 Implementation
Iterative heuristics
For valid range analyses our state space of interest is the thermo-chemical space of
temperatures and species concentrations (i.e. 4 = (T, C)), since the chemistry source
Sj does not depend on the other fluid dynamical variables such as fluid velocities.
The initial (guess) box Vo is determined in one of two ways:
Figure 3-4: Using a simple algorithm where the entire box is shrunk symmetrically
at every iteration, the only identifiable valid range in this case is the model reduction
point which is at the boundary of the full valid range.
Coj(1 Cmax,j) : j = 1,...,Ns
1. = ,oro/pj To T ATmax : j= Ns + l
2. = min bj,i and 0,= max #j,
i=l,npts i=1,npts
depending on whether the model was reduced using a single point or multiple points,
respectively. ACmax,j and ATmax are user-specified constants, and npts is the number
of points used for model reduction. Option 2 is the smallest hyper-rectangle aligned
with the ~j axes (a box) enclosing all the points used for model reduction.
Upper bounds on the maximum value (in Vo) of Ej are calculated using TM in-
clusions. If all upper bounds ep, j( 0) < 0, the algorithm exits and (D is reported as
a valid range for the reduced model. Otherwise, the vertices of the box are moved
closer to the nominal point q0 (the known valid point) along several species and/or
temperature axes as described in equation (3.15), to obtain V1. The process is re-
peated, each time with the smaller box (k+1 containing the nominal point, until all
Eupj( n) 5 0 (cf. equations 3.1-3.2), guaranteeing that (D" is fully inscribed within
the full valid range of the reduced model.
The decision of which dimension of the hyper-rectangle should be shrunk and
whether to decrease ~,p or increase o1, is based on computed "error gradients" at
the vertices. The goal is to shrink (i.e. move the vertices closer to the nominal
point) along the axes of steepest descent. However, evaluating error gradients at all
2Ns+1 vertices of the hyper-rectangle is extremely expensive for practical problems.
Experience has shown that using error gradients at the two vertex points 1o0 and ,up
leads to sufficiently good results with significant computational savings. Therefore,
error gradients are computed at 010 and p,, as described in equation (3.13) ((Dk+1 is
determined using equation (3.15)). For each Ep,j > 0, the hyper-rectangle is shrunk
along the dimension i where Aj,i is largest and positive.
Sde; (* k+l kd¢i o* 0'•lo,i 10
Aji = max a (3.13)
¢•oP 
__• ¢ •p c (0k+1 l
d~i u \'r up,i
Since this is an approximation, the quality of the decision is evaluated based on
the resulting decrease in the sum of all Ep,j that violate the validity criteria. The
algorithm rejects iterations where:
Ns+1
E max(O, e(p,j(k+1))
Ns+l > (1 - err fac), (3.14)
E max(O, ep,j(4k)
in which err fac is a specified parameter. The axes shrunk on a rejected iteration step
are not considered for shrinking at the corresponding vertex on subsequent steps.
On an iteration step where the computed error gradients are not able to identify
an axis to be shrunk at either vertex point, all axes are shrunk at both points as
described in equation (3.15).
k+1 k/up,j -- /up,j - C : i Ns (3.15)
o/UPj Tk ±1 j=Ns+1,to/up
where redrnge is a specified factor with a value between 0 and 1. This corresponds
to the simple algorithm in which all species concentration edges of the box are moved
proportionately closer to the nominal point. The idea is to shrink each edge by the
smallest relevant amount, so the temperature range is decreased by 1 K at each end.
The process returns to the more detailed algorithm on the subsequent step.
Although this algorithm will always converge, sharpness of the TM inclusions is
important to ensure that the valid ranges identified are large enough to be useful in
practice. Several steps were taken in the implementation of this method to improve
the sharpness (closeness of calculated bounds to true bounds) of TM inclusions, as
discussed next.
Evaluating Taylor Model inclusions
As stated earlier, we use the term Taylor model to refer to the Taylor expansion of
a function plus the higher-order remainder interval function, and the Taylor model
inclusion is the interval extension of the Taylor model. Taylor models and their inclu-
sions are constructed and evaluated automatically using DAEPACK [54]. DAEPACK
is also used to evaluate all derivatives by automatic differentiation. The order of the
Taylor models and the position of the nominal point were selected to improve the
sharpness of TM inclusions as will be discussed shortly.
All reaction rates are calculated using modified CHEMKIN II [25] subroutines.
The modifications involved rewriting several function expressions to improve the
sharpness of TM inclusions. These modifications are also discussed over the remainder
of this section.
Taylor Model construction in DAEPACK
Taylor models are constructed automatically from the source code (e.g. C or FOR-
TRAN) of an arbitrary function evaluation f. The approach used is very similar to
that described by Berz and Hoffstditter [5]. We only provide a summary here, the
interested reader is referred to [5] for details.
The Taylor model construction described here and implemented in the DAEPACK
library is based on techniques developed in the automatic differentiation (AD) com-
munity. AD is a technique for constructing derivative code of arbitrary functions. An
excellent overview of AD may be found in a book by Griewank [19]. A key concept
of AD is the recognition that most evaluation programs may be decomposed into a
sequence of elementary operations (cf. equation (3.7)).
The basic idea of this approach is as follows: 1) derive Taylor model expressions
for the elementary operations, 2) decompose the evaluation program into a series of
elementary operations, 3) construct the Taylor model for each elementary operation
comprising a function evaluation, 4) write new code that includes these additional in-
structions. Step 3 is illustrated below for the addition and multiplication elementary
operations. Taylor model formulas of additional elementary operations may be found
in [5].
Addition:
A3  = 1 + 2
Tn,A3 = Tn,A1 + T,A2
= (Pfn,A1 + Rn+1,A1 ) + (Pn,A2 +Rn+l,A,) (3.16)
= (Pn,A1 + Pn,A2)+ (Rnfl,A 1 + Rn+l,X2)
= Pn,A3 + Rn+I,A3
Multiplication:
A3  = A1A2
Tn,. = Tn,A1T,,\ 2
(Pn,Al + Rn+l,,i)(Pn,A2 + Rn+i,A2) (3.17)
Pn,A•Pn,A2 + Pn,ARn+I,A2 + Pn,A2Rn+1,Al + R~+l,A1 R+1,A2
= Pn, A, + Rn+l,x,
where Rn+1,A, consists of terms Pn,APRn+±,A 2 + Pn,A2Rn+l,A1 + Rn+1,Alln+1,A2 plus all
of the terms of the product Pn,A, P,A2 with order greater than n.
The software library DAEPACK applies these steps to arbitrary function evalua-
tions written in FORTRAN. The input to DAEPACK is the source code file plus a
description of the independent and dependent variables. The output is a new source
code that evaluates the Taylor model inclusion. The input to this new program are
the points x1o and xp, that define the range of x; the output from the new program
are the lower and upper bounds on the value of the function f(x) in the given range
of x (the Taylor model inclusion of f in [xlo, xup]).
Taylor Model order
Sharper inclusions can be obtained for convergent Taylor models by increasing the
order of the Taylor model. A Taylor model is said to be convergent over a certain
range of x if the remainder term vanishes at large enough order (i.e. if lim Rn+l,f =
0). With no contribution from the remainder term, the problem is reduced to an
interval extension of the Taylor polynomial. As a result, the dependency problem is
minimized, leading to sharper inclusions. Note that there is an increase in dependency
in bounding the Taylor polynomial due to an increase in the number of polynomial
terms in higher orders. However, we find that the effect of decreasing the remainder
is much greater than the effect of increasing the number of Taylor polynomial terms.
The TM remainder terms for the different classes of elementary functions in our
calculations are:
f Rn+l,f CR
Xa a(a-1)...(a-n) (b)a( x)n+l max(a-(n+1),0)
(n+l)! zb n+2 Xb (3.18)
exp(x) i1 exp(xb)(Ax)+1 AX_
lnx (-1)n (AX) n + 1 1 (Az(n+1)! Xb n+2 \ Xb )
where Xb = xlo/up is the value of x used to evaluate the desired bound on R,++,f, and
Az = Xb - x0 . When a higher order is used, the magnitude of the remainder changes
by the factor CR (assuming that the same value of Xb is used in the new bound), which
vanishes at large enough order. Thus, all of our Taylor models are convergent and
their inclusions can be improved by using higher orders.
However, the cost of higher orders is an increase in memory requirement due to
an increase in the number of TM coefficients. The number of coefficients in a Taylor
polynomial (the number of monomials comprising the polynomial) can be estimated
as [5]:
N(n, v)= + (n + v(3.19)
n!v!
where n is the order of the Taylor polynomial and v is the dimensionality, and for
kinetic models v > n. Increasing the TM order by one increases N by a factor
of (1 + +). Therefore, there is a significant increase in memory requirement per
increase in the order of TMs used. When evaluating eo(4) and E,(() we find that
we achieve a good balance by using 2nd-order TMs. For simpler functions where
memory limitations are not severe, one can use higher-order TMs.
Finally, it should be noted that because Xb will take on the value of xlo or Xap,
depending on the value of n (odd or even), it is difficult to determine a general rule
for the effect of any change in the TM order on the overall TM inclusion. However,
in general at constant parity higher TM orders yield tighter inclusions for the reasons
described above.
Taylor Model nominal point
As discussed above, the dependency problem can be minimized by minimizing the
magnitude of the remainder term. Equations (3.18) show that this can be done by
minimizing lAxz and I  . Since Ax = xo, - xo, for a given interval X = [Xo, Xp],
lAxland I are minimized at IXo- X o = IXX - xol. Therefore, we use symmetric
intervals where possible.
When multiple points are used for model reduction the nominal point is taken
as the midpoint of the temperature bounds. The values at the midpoint of the
concentration bounds are scaled to sum up to the total concentration determined from
the ideal gas law, at the nominal temperature and the specified isobaric pressure.
Function forms
Another way to minimize the relative magnitude of the remainder term is to recast
the function expression. Such modifications were made for exponential and function
division operations.
For the exponential operation, equations (3.18) show that the magnitude of the
remainder is proportional to Ax|l. As a result, when the range of the exponential
argument is large, the remainder may constitute a significant fraction of the func-
tion bounds. Consequently, each time an exponential operation is performed while
bounding ej, the blow-up accumulated in bounding the remainder Rn+l,, can become
significantly more important in determining the precision of the bounds on Ej. To
minimize this effect, all exponential expressions were recast to minimize the number
of exponential operations. For example, expressions of the form exp(xi) * exp(x 2)
were rewritten as exp(xl + x2), etc.
An additional modification was made to exponential operations based on the ob-
servation that by comparison, sharper TM inclusions can be obtained for larger values
of jAx I in polynomial function forms (in equations (3.18) CR is proportional to I- b
for a polynomial):
f = exp -• • 10- 3  (3.20)
g = f10 (3.21)
h = go10  (3.22)
k= h1 =exp (-) . (3.23)
RT
Scaling the exponential argument serves to decrease its interval width, leading to a
sharper inclusion for f. The resulting sharp bounds on f help to decrease , sub-
sequently producing a sharper inclusion of g, and so on, until k is bounded. This
approach yields significantly sharper inclusions than directly evaluating the TM in-
clusion of the unscaled exponential. Evaluating the power in three steps of order 10
rather than a single step of 1000 also helps to decrease the dependency problem in
bounding the remainder term. By splitting the computation as above, the remainder
term is bounded using much fewer operations ('30 vs. '1000 for single step). This
modification was applied to all exponential functions in CHEMKIN.
The interval division operation is defined only for intervals that do not con-
tain zero. However, in bounding the remainder of the function division operation
f(x)/g(x), it is often the case that the range of g(x) obtained in the process of
bounding R,+l,e, contains zero even when the true range of g(x) does not. Such
an inclusion leads to a "division-by-zero" problem where the lower bound becomes
-oo and/or the upper bound becomes +00oo when a division operation is performed.
This is particularly important in evaluating the pressure correction terms for fall-off
reactions using the Lindemann, Troe, and SRI forms as in CHEMKIN. The reaction
rate of a fall-off reaction is multiplied by a correction factor to account for pressure-
dependence. However, the form of the correction term is such that it involves several
division operations on functions for which it is difficult to guarantee that inclusions
will not contain zero while bounding Rn+1,,, (see [25], equations (67-75)). Therefore,
we defined the pressure correction terms as additional independent variables. In a
pre-processing step, inclusions of the correction terms are obtained using a combi-
nation of TM inclusions and natural interval extensions. TM inclusions are used
to bound the numerators and denominators, while natural interval extensions are
used for the division operations. The ranges of the pressure correction factors are
then input to the main TM bounding program along with the ranges of temperature
and species concentrations. This method has proved to be effective in solving the
"division-by-zero" problem.
Temperature subranges
It is common in interval arithmetic to improve the sharpness of inclusions by dividing
the desired range into smaller subranges and evaluating inclusions on each subrange
separately. However, if the range is divided into Ndiv subintervals along each dimen-
sion the total number of subranges comprising the entire range is (Ndiv)Ns+l, making
it impractical in our application to subdivide all dimensions. The functions in our
calculations are more sensitive to temperature and so its range has a greater potential
to cause blow-ups in inclusions. Therefore we divide only temperature ranges into
smaller subranges of 50 K. The resulting "sub-boxes" comprising the guess box have
the same ranges of all species concentrations, but different temperature ranges.
In the iterative algorithm, the subrange containing the nominal point temperature
is tested first. If T,, is decreased while testing the subrange all other subranges with
higher temperatures are discarded. Otherwise, the subrange with the next higher
temperatures is tested next using a nominal temperature equal to Tnp from the pre-
vious subrange (which is the T1o in the new subrange). For instance, for a guess
box with T(K) E [298,398], the temperature subranges are 1) T(K) E [298,348],
and 2) T(K) E [348, 398]. If the temperature at the nominal point is 323 K, then
subrange 1 is tested first. If the result of the iterations using this subrange is such
that the inscribed box has T(K) E [298, 347], then subrange 2 is discarded since it
is assumed that the maximum valid temperature is 347 K. On the other hand, if the
iterations yield T(K) E [310, 348], then subrange 2 is tested next using a nominal
point temperature of 348 K, a known valid point. The minimum valid temperature in
this case would be 310 K and the maximum valid temperature would be determined
from the results of subrange 2. The nominal point concentrations are again adjusted
as described previously to match the nominal temperature and system pressure. All
subranges comprising the guess box are evaluated similarly and the final identified
valid range is the union of the identified valid subranges.
Temperature subranges are also used for ranges in which the coefficients of the
NASA polynomials used to evaluate thermochemical properties vary. To avoid non-
smoothness due to the kinks in the NASA form, the temperature range of the initial
guess box is divided into subranges inside which the polynomial coefficients are con-
stant.
3.1.5 Results
Here we present a few examples to demonstrate the performance of the valid range
identification method described above. Since the goal of Adaptive Chemistry is to
reduce very large reaction mechanisms to smaller manageable sizes, it is very impor-
tant that the method required to identify valid ranges remain tractable as the size of
the reference full model increases. We demonstrate the applicability of our method to
high-dimensional systems using two sample reduced models derived from full models
for methane combustion (53 species, 325 reactions) [52] and propane combustion (94
species, 505 reactions). Note that the chemical state space for each of these models
is R54 and R95, respectively. The full propane mechanism used here is a truncated
version of that presented in Ref. [35] that considers only reactions of species up to
C6H5OH in size. Identified valid ranges are reported for the reduced models.
The point-constrained reduced models were obtained using model reduction points
from the inlet region of a stoichiometric premixed flame. The rigorous valid ranges
identified for these reduced models are shown in Figures 3-5 and 3-6.
We are not able to compare the sizes of the valid ranges identified here to the
full valid ranges since the latter are unknown in these cases. However, it is evident
from these results that the method can yield usefully large valid ranges even in high
dimensions. The valid ranges identified were as wide as 700 K in temperature and
several orders of magnitude in species concentrations.
Finally, we find that the computational cost of the method is quite modest and
appears to grow only linearly with the dimensionality of the state space, as shown in
Figure 3-7. The cost also grows linearly with the number of reactions eliminated from
the full model (note that evaluating the model reduction error Ej entails summing the
contributions of the eliminated reactions to Sj).
3.1.6 Conclusions
A new method for finding rigorous valid ranges of reduced kinetic models has been
presented. The method uses Taylor model inclusions with an iterative algorithm to
identify ranges of species concentrations and temperature over which a reduced model
is guaranteed to be valid. It has been implemented in a program called RIOT (Range
Identification and Optimization Tool) for kinetic model reduction and validation,
which is available on the web (http://cmcs.org). Although RIOT currently uses the
model reduction method and error measure of Bhattacharjee et al. [7], our valid range
identification method can easily be applied to any model reduction method with any
set of error criteria as long as at least one reaction condition is known where the
reduced model is valid. If species are eliminated in the model reduction, a superset
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of species must be defined containing all chemical species in the full model. In the
procedure described in §3.1.1, the upper bounds ep,j(4) would be evaluated for the
superset of species and valid ranges would also be determined using the superset.
However, note that varying the number of chemical species modeled during a sim-
ulation might require additional error constraints beyond the local constraint on S
described in Chapter 2, to ensure that e.g. mass is exactly conserved when a species
is eliminated.
The ability to obtain reduced models with rigorous valid ranges enables the use
of reduced models with error control in reacting flow simulations.
3.2 Range-constrained Model Reduction
In the previous section (§3.1) we introduced a method that, given a reduced model
validated only at a number of points, identifies a rigorous range over which the model
remains valid. However, this procedure is backwards: in most cases one starts with
a known range of reaction conditions and one desires a reduced model that can be
used over this range. Here we present the first automatic procedure that constructs
a reduced chemistry model that is guaranteed to be valid everywhere in any user-
specified range. This approach enables a more effective implementation of Adaptive
Chemistry with error control.
The model reduction method of Bhattacharjee et al. solves the Integer Linear
Programming (ILP) problem:
NR
mi zk (3.24)
zE{O,1}NR k-=
subject to the constraints in equation (3.1), where zk = 0 if the reversible reaction
k is eliminated from the mechanism and zk = 1 if it is retained. The advantage
of Bhattacharjee's formulation is that a global optimum solution is always obtained
using standard ILP solvers (see [7]). However, as with most methods, a reduced
model obtained using this formulation is strictly validated only at each discrete point
¢ where the model reduction constraints are applied. To force the reduced model to
be valid everywhere in the range 4, the constraints in equation (3.1) are changed to:
Sj(<) - Sjreduced( , Z)I 5 atolj + rtolj ISj ()
Vj = ,...,Ns + 1 (3.25)
The resulting optimization problem is commonly referred to as a Semi-Infinite Pro-
gram (SIP), since a finite number of decision variables zk are subjected to an infinite
number of constraints (there are an infinite number of points q in the range (D). Re-
cently, methods have been introduced for solving such problems to global optimality
[8, 6]. However, q and z are usually very high-dimensional for kinetic models and no
solution algorithm has yet been shown to be practical for such large systems with the
relatively large ranges # and the highly nonconvex constraints required in this appli-
cation. So we unfortunately cannot yet solve the optimization problem in equation
(3.24) subject to the constraints in equation (3.25). However, as shown below, we can
define another set of slightly more conservative constraints which make it feasible to
solve the optimization problem. The formulation described below makes it possible
to reduce large kinetics models to obtain reduced models that are valid everywhere
in any desired range. The new formulation uses the concept of Interval-Constrained
Reformulation (ICR) introduced in [8] for solving SIPs.
3.2.1 Formulation
For convenience we define the following terms:
e (40, z) I S (0) - Seduced(,z) (3.26)
- ,(3.26)tolj () _ atolj + rtolj * I Sj()l
such that reduced models obtained by solving the ILP problem defined by equations
(3.24) and (3.1) satisfy ej (0) _ tolj(k), Vj = 1, ... , Ns + 1. Ec (q) is the error due
to using the reduced model rather than the full model to compute the chemistry
source terms at the point 0. For clarity, the new formulation is described for the case
rtolj = 0, so that tolj is a constant independent of 0. As in §3.1, we define a range 1
as the box [¢min, ,ma,] such that, at all points in (:
min,,j 5 Oj :5 max,j, Vj = 1, ... , Ns + 1. (3.27)
This is illustrated graphically in Figure 3-2.
A reduced model z is valid everywhere in J only if Ej,ma(4 (, z) (the maximum
value of e (0, z) over all points 0 contained in (D) satisfies the tolerance tolj:
ej,max (i, z) • tolj, Vj = 1,..., Ns + 1. (3.28)
However, it is difficult to determine exactly the value of Ej,max (. , z) or where this
maximum occurs because the function cj is nonlinear and usually highly nonconvex
in ¢, and the dimensionality of ¢ is very high. Nevertheless, for strict validity over 1 it
is sufficient that a rigorous upper bound on cj,max((D, z) (i.e. e,up(I, z) > ej,max(4, z))
satisfy this tolerance tolj. So, a reduced model is strictly valid at all points ¢ in the
range ' if:
Cj,Up(', z) 5 tolj, Vj = 1,..., Ns + 1 (3.29)
From equations (3.1) and (3.3), it can be shown that the above (equation (3.29)) is
satisfied by applying the model reduction constraints:
NR
E (1 - <zk)jk,up(1)  tol3
kNR Vj = 1 Ns + 1 (3.30)
E (1 - Zk)Ijk,lo( ) > -toljk=1
where
Wj , v1,k..., Ns
Ijk( ) -)Ns (3.31)
i=1 p(t)C1(O) , j = N + 1
and analogously to "up", the subscript "lo" denotes a rigorous lower bound Ijk,lo(4) <
Ijk,min(J). For j < Ns, Ijk is the contribution of reaction k to the chemical source
term for species j. I(Ns+l)k is the contribution of reaction k to the chemical source
term for temperature.
As described in §3.1, we can obtain rigorous upper and lower bounds for any func-
tion by applying interval analysis methods. Thus, a reduced model that is rigorously
validated over the box 4 is obtained automatically by solving the ILP problem in
equation (3.24), subject to the constraints in equation (3.30). Since the constraints
remain linear in the decision variables zk, standard ILP solvers will always find a
global optimum solution. Therefore, this model reduction method will always yield a
reduced model that has the fewest possible reactions and satisfies the constraints in
equation (3.30).
It is important to note that in this formulation, the extent of reduction obtained
depends not only on the model reduction tolerances, but also on the extent to which
Ej,max (1, z) is over-predicted (it is never under-predicted). If predicted exactly (i.e.
if each Ej,,p(, z) = Ej,max (D, z)), the resulting reduced model would be the smallest
model attainable by reaction elimination that satisfies the original constraints in equa-
tion (3.1) at all points in the range 4. In the current formulation (3.30), which is al-
ways conservative, the best performance is achieved when each Ijk,up((I) = Ijk,max('()
and each Ijk,~o(4) = Ijk,min(D). Therefore, it is important to predict the bounds of
each Ijk as precisely as possible. It was shown in §3.1 that one can efficiently ac-
complish this by using Taylor model inclusions. Thus, we compute each Ijk,lo(') and
.Ijk,up(C) in this manner.
To our knowledge, this is the first method that will automatically produce a
reduced model guaranteed to be valid at all conditions in a desired range. We have
successfully used the new method to reduce kinetic models as large as the iso-octane
model of Curran et al. (857 species and 3606 reactions) [14]. Although the most
precise prediction of 6j,max (, z) using equation (3.30) will be conservative due to
dependency (i.e. when the terms of a sum share common independent variables, the
sum of the maxima of the individual terms is most often larger than the maximum of
the sum over a given range of the independent variables; see §3.1.2), this formulation
has the tremendous advantage of ensuring that the method remains practical even for
very large mechanisms. Note also that the same formulation described above can be
used when rtolj is nonzero, with the exception that the right hand sides in equations
(3.29) and (3.30) become tolj, 0o(4).
3.2.2 Implementation
Optimization Solver
As mentioned earlier, the model reduction problem described in equations (3.24) and
(3.30) is easily solved using standard ILP solvers. The current implementation uses
primarily the open source callable COIN library [12], with the option to switch to
either the commercial package CPLEX [22] or the OSL library [43] for a given model
reduction job.
Evaluating Taylor model inclusions
As described in §3.1 we use the software package DAEPACK to compute Taylor
model inclusions to determine each Ijk,ttp and Ijk,lo. Details of the implementation
of DAEPACK for computing Taylor model inclusions have been discussed in §3.1.4.
However, a few modifications were made for the current implementation and these
modifications are discussed below. Information provided previously in §3.1.4 is re-
peated below only where considered important for providing necessary context.
Taylor Model order
We can obtain tighter inclusions by using higher Taylor model orders. However, the
cost of higher orders is an increase in memory requirement due to an increase in the
number of TM coefficients (see equation (3.19)). By determining the bounds for each
ljk separately, we decrease the effective dimensionality drastically since only a few
species are involved in each elementary reaction k. Therefore, we are able to use
higher orders without a memory load penalty. We find that we obtain good results
using 4th-order TMs. By comparison, note that for the implementation in §3.1, the
effective dimensionality was equal to the total number of chemical species (in the
full model) plus one, such that 4th-order TMs required a huge amount of memory, so
2nd-order TMs had to be used.
Function forms
The modifications to function forms described in §3.1.4 are used here, with the ex-
ception that exponential arguments are not scaled as done in equations (3.20)-(3.23).
By using higher-order TMs in the present implementation, the remainder terms (and
the exponential arguments involved in bounding the remainder terms) become signif-
icantly smaller in magnitude. Therefore, one should not scale down the exponential
arguments here as was done previously, to avoid numerical roundoff errors.
We find that 4th-order TMs with unscaled exponential arguments yield TM in-
clusions with similar tightness as 2nd-order TMs with the scaling.
Temperature subranges
Temperature subranges are used in the present implementation to improve the tight-
ness of TM inclusions, as described in §3.1.4. The upper bound for each Ijk is deter-
mined as the maximum Ijk,up over all the subranges comprising (D and similarly, the
lower bound for each Ijk is the minimum Ijk,lo over all the subranges of 4D.
3.2.3 Results
For the examples shown here, we use the reference methane and propane full mod-
els described in §3.1.5 with 53 species involved in 325 reversible reactions and 94
species in 505 reactions, respectively. Reaction conditions for model reduction were
selected from the steady-state solutions of stoichiometric premixed methane/air and
propane/air flames simulated using PREMIX [24]. The steady-state profiles are shown
in Figure 3-8 for temperature and a few species in the methane flame, and in Figure
3-10 for the propane flame. We divided these profiles into subranges of reaction con-
ditions spanned by groups of grid points in the solution domain (i.e. a set of boxes
(D each defined by qj,min and Oj,max Vj = 1,..., Ns+1 over all the grid points in each
group). We then constructed from each of the full models a library of reduced models
that are valid in each of the subranges.
For the models in the methane library, we show a comparison of the model sizes
obtained when requiring the reduced models to be valid over the entire subrange to
those obtained by merely constraining a few individual points in the subrange (cf.
Figure 3-9). The figure also shows the effect of increasing the number of constraints
on the reduced model: a larger model is needed if one requires the model to be
valid at more points. Note that when individual points are used the model reduction
method gives the smallest possible model satisfying the constraints. Therefore, the
fact that a larger model is needed when an additional point is constrained indicates
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Figure 3-8: Steady-state profiles of temperature and some species concentrations in
I-D methane/air flame, as computed by PREMIX.
that the smaller model is invalid at the new point. This again shows the importance
of rigorous valid ranges as it evidently would have been inaccurate to assume that the
smaller reduced model was valid everywhere in the subrange. This is a consequence
of the nonconvexity of E(O).
The propane model library is shown in Figure 3-10 with valid ranges of tempera-
ture and a few species concentrations.
3.2.4 Conclusions
A new method has been presented for automatically reducing reaction kinetic models
while rigorously ensuring that they remain accurate over desired ranges of reaction
conditions. The method uses a previously introduced integer programming approach
which always yields a global optimum solution, i.e., a reduced model with the smallest
possible subset of reactions that satisfies the constraints imposed. This was previously
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Figure 3-9: Reduced models for the flame shown in Figure 3-8. The diamonds rep-
resent models valid at the single point, while (x - x) represents models valid simu-
lataneously at the 5 discrete (grid) points in the subdomain (but not necessarily in
between the points). The thick solid lines represent models guaranteed to be valid
everywhere between the minima and maxima of each Oj amongst the points in each
subdomain (a hyper-rectangle). The models shown in (* - o) were obtained by using
as model reduction points all the grid points used in (x - x) plus one additional
point in the middle. The same reduced model would be obtained for both (x - x)
and (. - .) cases if the valid range were convex (i.e. if validity were guaranteed at
all points in the convex hull of the few known valid points).
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Figure 3-10: Reduced model library based on the 505-reaction propane model. The
reduced models cover the range of reaction conditions spanned by the steady-state
solution of a. 1-D propane/air premixed stoichiometric flame. The sizes of the reduced
models are indicated by the horizontal lines, and each model is valid over the range of
temperature and species concentrations spanned by the line. Although concentration
ranges are plotted for only a few species, the specified valid ranges are satisfied for
all 94 species.
used to obtain reduced models at single points in state space [7]. By reformulating the
constraints using interval analysis methods we have extended the point-constrained
method to apply rigorously to ranges. To our knowledge, the method introduced in
this work is the first to allow automatic construction of reduced models guaranteed
to satisfy the user-defined error tolerances at all points in a pre-specified range. The
method is particularly attractive because it enables automatic construction of libraries
of reduced models for use in Adaptive Chemistry, as described in the following chapter.
Chapter 4
The Reduced-model Library
The methods discussed in chapters 2 and 3 allow one to design a reduced model that
is appropriate for each box in the partitioned accessed space, in order to achieve a
desired accuracy in steady-state solutions obtained using Adaptive Chemistry. In this
chapter, algorithms are developed to perform the following tasks which are necessary
for successful implementation of Adaptive Chemistry:
1. Partition the state space (the "accessed region"), and
2. Efficiently store and retrieve the various reduced models along with an indica-
tion of their sub-regions of validity (the "reduced-model library").
During a reacting flow simulation, the Adaptive Chemistry method should apply
the smallest available reduced model that is valid at the reaction conditions at each
grid point on each iteration step. The appropriate reduced models will be selected
from a (pre-constructed) library of reduced models, each with an associated valid
range (a box in the partitioned space, over which the reduced model is known to be
valid). Therefore, the model storage and retrieval algorithm must search through a
series of reduced models to identify the one that is appropriate for the current reaction
conditions. Here we use a simple algorithm that is able to store a large number of
reduced models with minimal memory requirement and is able to identify and retrieve
reduced models with minimal computational effort. This is described in §4.1.
In order to avoid uncontrolled errors, the full chemistry model must be used at
conditions where no valid reduced model is available. Therefore, it is important to
adequately characterize the state space, so that a reduced model will be available for
all (or most) of the reaction conditions encountered during an Adaptive Chemistry
simulation. The challenge is that the region of state space that will be accessed is
usually not known beforehand, and it is not practical to partition the entire space of
all physically realizable conditions. We estimate and partition the accessed region as
described in §4.2. Using the algorithm described in §4.3, the estimate of the accessed
region is updated during the Adaptive Chemistry simulation and a new library of
reduced models is built "on the fly" as the solution trajectory exits the previously
estimated region.
4.1 Model Archival and Retrieval
Combustion kinetics computations are most often performed using the CHEMKIN
[25] software package. The user supplies a text file containing specifications of chem-
ical element names and atomic weights, species names, reaction formulas, reaction
rate parameters, and thermochemical parameters. This reaction mechanism file is
then translated by an interpreter into a format that is readable by the CHEMKIN
reaction rate calculator. The reaction mechanism is read and stored in memory when
CHEMKIN is first called during a reaction flow simulation. On subsequent calls to
CHEMKIN during the simulation, a set of reaction conditions 0* is provided by the
CFD solver and CHEMKIN returns the values of all Sj (0*) calculated using the rates
of all the reactions in the user-supplied mechanism (cf. equation (3.3)).
For each reduced model, the Adaptive Chemistry algorithm stores the binary
decision vector z that is the output of the model reduction method described in
chapter 3 (cf. equation (3.24)). Additionally, the 2 * (Ns + 1) values of the lower and
upper bounds of temperature and all species molar concentrations, which describe
the box in which the reduced model is valid, are stored in memory. Unlike the
full-chemistry procedure described above, the CFD solver does not call CHEMKIN
directly when using Adaptive Chemistry. Instead, the CFD solver calls the Adaptive
Chemistry algorithm, which in turn calls a slightly modified version of CHEMKIN
for rate evaluations. The Adaptive Chemistry algorithm compares the query point
0* with the valid boxes for the reduced models in memory, from the smallest to the
largest. During the storage initializations (which are performed once, on the first call
to Adaptive Chemistry), the reduced models are sorted in order of increasing size,
so that the search for the appropriate model for point 0* is a straightforward linear
search. The reduced model that is used at 0* is the first one that is found to satisfy:
oj,lo _ • 4 <_ 0j,up, Vj = 1,..., NS + 1, (4.1)
which is the smallest valid reduced model in the library. The binary vector z for
the selected reduced model is then passed to the modified CHEMKIN, where all
Sieduced(0*) are computed using only the reactions k with zk = 1.
It is noted that the only modifications made to CHEMKIN here are to allow
identification of the subset of reactions that describe each reduced model.
4.2 Characterizing the state space of interest
The accessed region of state space is estimated and partitioned according to the
following criteria:
1. The accessed region must include all reaction conditions q at all the grid points
at the start of the simulation;
2. The accessed space must be partitioned using fewer boxes than a user-specified
maximum Nmax; and
3. The same box containing the reaction conditions 0 at each grid point at the
start of the simulation must remain applicable up to a user-specified change of
±ATchange in the temperature and 10 0 Cchange percent in the molar concentration
of each species at that grid point.
T(K)
T(K)
Co2(moVl/cm 3)(a)
C02(moVcm3)(b)
Figure 4-1: Procedure used to partition the accessed region in order to develop a
reduced-model library for Adaptive Chemistry. The dots represent the reaction con-
ditions at all grid points in the computational domain at the start of the simulation.
(a) First, a number (5 Nm,,) of "smallest-possible" boxes are built to enclose all the
points, grouped according to the criteria described in §4.2 (again, the term "box" is
used to refer to a hyper-rectangle with all of its edges parallel to the coordinate axes);
Then, (b) each smallest-possible box is enlarged to account for expected changes in
the reaction conditions during the simulation.
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The procedure used is illustrated in Figure 4-1. Given the starting conditions for a
simulation, the algorithm examines the reaction conditions at all the grid points and
identifies the coldest point, where the chemistry is expected to be least complicated.
Using this as a reference point, the algorithm assembles all other reaction conditions
where it is expected that the chemistry will be similar. The relevant grid points are
identified as all points with temperatures within +ATbox of the reference temperature
and with molar concentrations of fuel, oxygen, CO2, and H20 within a factor of cbox
of the reference values. Experience has shown that ATbox = 100K and cbox = 100
yield very good results, therefore these values are always used. The smallest box
appropriate for these points is then identified as V* = ["o, 0p], where
l*o,j = min jii=1,npts (4.2)
=p, max Oji.i=l,npts
In order to satisfy the third criterion listed above, the box V* is enlarged to 4, with:
0lo,1 = ¢1o,1 - ATchange (4.3)
5up,1 = 0*p,1 + ATchange
and
loj = o (1 - change) Vj = 2,... , Ns + 1. (4.4)
up,j = 0*j (1 + Ochange)
The completed box 4 is the smallest box that contains all of the starting reaction
conditions identified as being similar to the reference point (including the reference
point itself), and encloses the evolving reaction conditions as the simulation proceeds
and the temperatures and species concentrations change, up to user-specified amounts
ATchange and Cchange, respectively. Note that since the size of the box is determined by
the smallest and largest values qj,i in each group of points, each reduced model will in
practice remain valid well beyond the specified expected change at most grid points.
Additional boxes are constructed in a similar manner until the reaction conditions
at all the grid points at the start of the reacting flow simulation have been "boxed".
Each new box is constructed considering only the points that have not been included
in previous boxes.
To ensure that the total number of boxes does not exceed the user-specified Nmax,
a projected total is calculated before each V* is enlarged to (I, as follows:
fptStotal - fptScompleted
nboxestotal = nboxeScompleted + tota - competed (4.5)
npts
where npts is the number of points in (*, as described in equation (4.2). Equation
(4.5) is a simple estimate based on the assumption that an average of npts points will
be included in each of the additional boxes required to cover all of the grid points in
the computational domain. If the estimated nboxestotal > Nmax for a particular V*
(say, 4(*(1)), then I1*(1 ) is considered to be too small to be a standalone box and it is
not finalized as described earlier. Instead, it is merged with the next box I*(2):
,(1')= min i,*(2) 0,(1)Y
= main (~loj lo,j * (4.6)
and equation (4.5) is re-evaluated for the resulting box. The process of merging boxes
is repeated as follows:
*(I)* *(n) = *(1)
upj max KI pB •-r Upj
uritil a )*(1') is obtained for which equation (4.5) yields an estimate nboxestotal <
Nma,,. At that point, (*(1') is enlarged to V1 (cf. equations (4.3) and (4.4)), complet-
ing the construction of the box.
An attractive feature of this algorithm is that it is automated and requires minimal
user intervention. The user supplies the starting reaction conditions for the desired
simulation and specifies a few parameters that govern the characterization of the
accessed space and the tolerances for model reduction. Internally, the algorithm
described above constructs a partitioned accessed space that satisfies all of the criteria
listed at the beginning of this section. The boxes in the partitioned space are input
automatically to the model reduction solver described in §3.2, which returns the
library of reduced models in the format that is required in the Adaptive Chemistry
simulation.
However, reaction conditions can change drastically during a simulation if the
starting conditions are very far from the final solution. Therefore, obtaining a good
estimate of the accessed region as described above requires a good set of starting
conditions. Otherwise, the reaction conditions at all grid points in the simulation will
eventually exit the boundaries of the estimated accessed region and the full model
must be used everywhere. This is an important limitation since, in general, the re-
quired representative reaction conditions do not exist for the large-scale simulations
that would benefit the most from Adaptive Chemistry, and these simulations must
be performed with "poor" starting conditions. The algorithm described in §4.3 elim-
inates this limitation by enabling a dynamic reduced-model library that is adapted
automatically to the solution trajectory during an Adaptive Chemistry simulation.
4.3 Updating the reduced-model library "on the
fly"
The algorithm described in this section is used to update the reduced-model library
"on the fly", in order to limit the frequency of use of the full model. The control
objective is to maintain the frequency of use of the full model below a user-specified
fraction rf,,u of the total number of grid points in the computational domain. Since
the CFD solver with Adaptive Chemistry and the model library generator are separate
software programs, communication between the units is achieved using a shell script
(the "control center"), as illustrated in Figure 4-2. The procedure for updating the
model library automatically is as follows:
1. When it is determined that the full-chemistry model is being used at more
grid points than a fraction rf, 1 of the total number of grid points, the current
reaction conditions at all grid points are written to a disk file. The control
2. A new reduced-model
y rarbil should 
be construct 
d
Here are the curren
conditions (T,P,Y) a
points.
6. New model library ready
t reaction
It all grid
4. Construct a new library of
reduced models using these
reaction conditions.
Model
5. Done librarygenerator
Adantive
Upload new li------brary
7. New model library ready
Figure 4-2: Procedure used to update the reduced-model library automatically "on
the fly".
center is alerted and the Adaptive Chemistry simulation proceeds using
current library.
the
2. Control center initiates a reduced-model library generation task as described
in the previous section, using the new conditions as the "starting" reaction
conditions in the partitioning process. A new library is generated for all of the
reaction conditions in the computational domain.
3. When the new reduced-model library is completed, the control center notifies
the Adaptive Chemistry CFD solver. The solver completes the present solution
step at all grid points and then swaps in the new model library by performing
the storage initializations described in §4.1.
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The actual shell script used in this implementation is provided in Appendix A.
The parameter rfuI is input to the Adaptive Chemistry solver at the start of the
simulation. The parameters for model reduction and for characterization of the state
space are uploaded automatically from the respective input files (usually set at the
start of the simulation). On every step, the Adaptive Chemistry algorithm calculates
the fraction of the grid points where the full model is used, so that it is immedi-
ately known when a model library update is required. Communication between the
CFD solver and the shell script is accomplished through disk files. For example, the
presence of a file named "newmodLib" created by the CFD solver in the working
directory indicates to the control center that a new set of reaction conditions have
been written and a new model library is needed. The shell script always runs in the
background concurrently with the Adaptive Chemistry simulation, and it is termi-
nated automatically when the final solution is obtained (signalled, for the case shown
in the appendix, by the presence of the final solution file "full.rstrt").
Of course, the model library construction process should not compete with the
reacting flow simulation for computational resources. Therefore, the online model
library generation process is performed on a separate computer processor that is
not being used by the reacting flow simulation. In this implementation, this is ac-
complished by using a unix job queueing system called "Portable Batch System"
(PBS)[44]. Model library construction jobs are submitted on a multi-processor linux
machine by PBS, which ensures that only an idle processor will be used.
With this new algorithm the Adaptive Chemistry method may be used effectively
in simulations with poor starting reaction conditions.

Chapter 5
Adaptive Chemistry Reacting Flow
Simulations
The methods described in previous chapters have been implemented in an error-
controlled Adaptive Chemistry algorithm that is easily interfaced with any CFD
solver that uses CHEMKIN II for chemical kinetics evaluations. Within the CFD
solver, the call to the FORTRAN subroutine "CKWYP(... )" is replaced with a
call to "adapchem(igrid,ngrid,...)" (a FORTRAN subroutine), where the addi-
tional arguments "igrid" and "ngrid" are the array index of the current grid point,
and the total number of grid points, respectively. Also, the common block "com-
mon/adpchm/resid.tol, iiter" must be added in the CFD solver, where "resid.tol" is
the steady-state convergence tolerance and "iiter" is the number of solution iteration
(or integration) steps completed to date. The Adaptive Chemistry algorithm reads
user-specified simulation parameters from a text file named "adapchem.in", described
in Figure 5-1.
In this chapter, the effectiveness of the error-controlled Adaptive Chemistry method
developed in this research is demonstrated by simulating 1-D and 2-D steady-state
premixed and partially premixed flames. All simulations presented here were per-
formed on a single 3.0 GHz Pentium IV processor on a Linux machine.
!CFD solver assumes steady-state convergence when all IdT/dtl, IdY/dtl =< TOLSS
TOLSS
100.0
!Tolerance used for model reduction
TOLMR
50.0
!Number of simulation steps between validity checks
NSTEPS
1
!Maximum fraction of grid points where full model may be used without updating library
MAXFULL
0.2
ETD
Figure 5-1: Sample input file required by the Adaptive Chemistry algorithm.
5.1 1-D Premixed Flame
The flame simulated is an adiabatic, atmospheric pressure, freely-propagating pre-
mixed methane/air flame with an inlet equivalence ratio of 0.8 (illustrated in Fig-
ure 5-2). The flame is simulated to steady-state using the 1-D reacting flow solver
PREMIX [24], with 10-10 and 10-15 as the relative and absolute Newton method tol-
erances, respectively. The reference full-chemistry model used is GRI-Mech 3.0[52],
with 53 species and 325 reversible reactions. As described in chapter 4, the accessed
region was estimated using the initial guess of the solution (with a peak temperature
of 2300K). The estimated accessed space was then divided into boxes and a reduced
model was constructed for each box. The resulting library of reduced models is docu-
mented in Appendix B. 1.1. The reduced-model library is also summarized in the first
two columns of Table I. Both the Adaptive Chemistry method and the full-chemistry
method were used to predict the steady-state of the system. The results of both
methods are presented in Figures 5-3 to 5-5 and on Table 5.2. The observed utility
of the reduced models in the Adaptive Chemistry simulation is also shown in the last
column of Table 5.1.
Fuel
+ ~,
Oxidizer
.'. i1'
Figure 5-2: I-D premixed flame configuration.
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Model Number of reactions % of rate evaluations
performed using models
1 0 90% (All reduced models)
2 55
3 60
4 76
5 154
6 237
7 265
8 294
9 301
Full model 325 10%
Table 5.1: Model library use in 1-D Adaptive Chemistry methane/air flame simula-
tion. Reduced models were used for 90% of the kinetics computations.
Figures 5-3 to 5-5 show comparisons of steady-state solution profiles from both
methods. As guaranteed by the error control criteria described in chapter 2, the
Adaptive Chemistry solution is as accurate as the full-model solution. The Adaptive
Chemistry simulation was completed in about 1/5 of the time required in the tradi-
tional full model approach. Note that this speedup is due to both the reductions in
the kinetic model and the fewer number of steps required to arrive at steady-state in
the Adaptive Chemistry simulation (see Table II). Like many steady-state solution
algorithms, the Newton solver used here converges very rapidly if its initial guess
gue"• is close enough to the steady-state solution, but very slowly otherwise. Since
we only constrain the accuracy of the solution at steady-state, the iterations in the
Adaptive Chemistry simulation may follow a different path than the full-model simu-
lation. Here the Adaptive Chemistry simulation evidently followed a more favorable
path and fewer steps were required to arrive at steady-state.
Number of Events CPU Time
Function Eval. Jacobian Eval. Solve Total (sec.)
Full Chemistry 1107 16 890 283
Adaptive Chemistry 142 10 134 60
Table 5.2: Computational events in 1-D Adaptive Chemistry and full-chemistry sim-
ulations.
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Figure 5-3: Accuracy of Adaptive Chemistry solution of a steady-state lean premixed
methane/air flame relative to the full model solution: Temperature and C02 mass
fractions.
2.9 3 31 3.2 3.3
x (cm)
(a)
0.14
0.12
w,
0o
T 0.08
u,
E 0.06
cM
o 0.04
0.02
0
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
_~ _ I_ -~TIIII~U----·- __ I· ·
1
~zrr·------·----·-rr·------
----------------
I.t-U I
1.E-03
c 1.E-05
c 1.E-07
c)
I 1.E-09E
S1.E-11
1.E-13
1.E-15
0 2 4 6 8 10
x (cm)
(a)
1.E-05
r 1.E-07
1.E-09
E
z: 1.E-11
1.E-13
1 E-1.
0 2 4 6 8 10
x (cm)
(b)
Figure 5-4: Accuracy of Adaptive Chemistry solution of a steady-state lean premixed
methane/air flame relative to the full model solution: OH and H mass fractions.
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Figure 5-5: Accuracy of Adaptive Chemistry solution of a steady-state lean premixed
methane/air flame relative to the full model solution: NO and N02 mass fractions.
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5.2 2-D Partially Premixed Flames
The 2-D flames simulated here are based on the experimental axisymmetric co-flow
burner configuration of Bennett et al.[4], shown schematically in Figure 1 of Ref. [4]
(a simple schematic is provided here in Figure 5-6). The inner radius of the inner jet is
0.555 cm, with a tube wall thickness of 0.080 cm. The outer jet has an inner radius of
4.76 cm, and the cylindrical shield has an inner radius of 5.10 cm [4]. The flames were
simulated to steady-state using the consistent splitting algorithm of Schwer et al. [49].
Results of applying the error-controlled Adaptive Chemistry algorithm developed in
this research are shown below for methane and propane fuels.
5.2.1 Methane/Air Flame
The full chemistry model used is GRI-Mech 3.0, excluding nitrogen chemistry and
argon species, containing a total of 35 species and 217 reactions (see Appendix B.2).
The mass fractions of methane, oxygen and nitrogen in the inner and outer jets are
given on Table 5.3. The methane/air mixture in the inner jet has an equivalence
ratio of 2.464. The simulation is performed in a two-dimensional Cartesian domain,
with "radial" boundaries at y = 0 and y = 5.1.0 cm and "axial" boundaries at x = 0
and x = 20.0 cm. Neumann boundary conditions were applied at the exit boundary,
requiring zero normal gradients at x = 20 cm.
The starting point for the 2-D simulations presented here was a partially-converged
solution from a previous full model simulation of a similar flame at lower velocity.
This was input to the Adaptive Chemistry pre-processor, with Nm. = 30, and the
resulting library consisted of 27 different reduced models (i.e. an estimated accessed
space partitioned into 27 boxes). The sizes of the reduced models ranged from 0 to
189 reactions (documented in Appendix B.2.1).
Computational timings for both the traditional full-model and the Adaptive Chem-
istry simulations are summarized on Table 5.4. As expected, the Adaptive Chemistry
simulation was computationally more efficient (almost 3 times faster) than the cor-
responding full model simulation. 2-D plots of the temperature solution profiles ob-
flame
fuel
+ air
Figure 5-6: Axisymmetric co-flow burner configuration. Premixed air + fuel flow in
the inner stream and pure air flows in the outer stream.
tained using both methods are shown in Figure 5-7. Figures 5-8 to 5-10 show a closer
look at the temperature profile and the mass fraction profiles for a few species along
the radius at x = 0.02m (i.e. 2 cm above the inlet). Again, it is evident that our
error-controlled method yields an Adaptive Chemistry solution that is as accurate
as the full-model solution. In Figure 5-11 we show a summary of the distribution of
reduced models over the computational domain at the end of the Adaptive Chemistry
simulation. At that point in the simulation, chemical kinetics computations were ne-
glected at about 43 percent of the grid points in the computational domain. Overall,
Adaptive Chemistry yielded roughly the computational efficiency of a skeletal mecha-
nism containing 46 reactions (and 35 species), but with greater accuracy since greater
detail was used when required and less detail was used when it was known that it
could provide acceptable accuracy (see Table 5.4).
Inner jet Outer jet
YCH4 0.14769 0.00000
Y02 0.23975 0.23200
YN2 0.61256 0.76800
Axial velocity (cm/s) 23.71 12.00
Table 5.3: Parameters for 2-D co-flow partially premixed methane/air flame simula-
tion
Total CPU time (secs.)
Average model size (re-
actions/ celli step)
Full model Adaptive Chemistry
223190 83422
217 46
Table 5.4: Summary of 2-D full model and Adaptive Chemistry simulations
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Figure 5-7: Com parison of steady-state solutions of 2-D methane/air flame using
full-chemistry and Adaptive Chemistry methods. Here, the 2-D temperature solution
profile from the Adaptive Chemistry method is shown on the left and the solution
from the full-chemistry method is shown on the right.
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Figure 5-8: Comparison of steady-state solutions of 2-D methane/air flame using full-
chemistry and Adaptive Chemistry methods. Here, the radial profiles of Temperature
and C02 mass fractions at a height of 2cm above the burner inlet are plotted.
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Figure 5-9: Comparison of steady-state solutions of 2-D methane/air flame using full-
chemistry and Adaptive Chemistry methods. Here, the radial profiles of H20 mass
fractions at a height of 2cm above the burner inlet are plotted.
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Figure 5-10: Comparison of steady-state solutions of 2-D methane/air flame using
full-chemistry and Adaptive Chemistry methods. Here the radial profiles of species
mass fractions at a height of 2cm above the burner inlet are plotted for the species
OH and H.
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Figure 5-11: Usage of reduced models at the end of the 2-D methane/air flame simu-
lation. Less than 0.5% of the grid points require the full chemistry model; all of the
chemistry source terms can be neglected at 43% of the grid points.
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5.2.2 Propane/Air Flame
Here we simulate a partially premixed propane/air flame with the configuration de-
scribed in Figure 5-6, using the inlet conditions in Table 5.5. The full-chemistry
mechanism used here is a truncated version of that presented in Ref. [35] that con-
siders only reactions of species up to C6H5OH in size (exlcuding Argon), for a total
of 93 species and 505 reactions (listed in Appendix C.1).
With reduced reaction models consisting of 93 chemical species and a discretized
computational domain with 20,176 mesh points, the reacting flow simulator must solve
a system of (roughly) 2x10 6 coupled differential equations on every step. Very few
solvers exist that can solve such a large problem, particularly if it is to be solved on a
single processor. The more reliable multi-dimensional reacting flow solvers currently
are limited to systems involving about 50 chemical species, due to memory constraints
tied to the solution method. Although the algorithm of Schwer et al. is able to handle
the large number of equations involved in this problem, its time-marching approach
is not efficient for solving steady-state problems. However, we are restricted to using
this algorithm as no other solver is readily available that can solve such a large
system. Thus, we simulate the steady-state propane/air flame described above using
the algorithm of Schwer et al.
It must be stated that the simulation discussed in this section was plagued with
frequent computational difficulties. The CFD solver crashed several times over the
period of 4-6 months in which the simulation was completed. Each time, the simula-
tion was restarted from the crash point by adjusting solver parameters that govern the
stability and accuracy of the CFD method. When the simulation finally converged,
it was observed that a finer mesh is required to resolve high gradients at the inlet
of the burner. The necessary mesh refinement was performed and the solution was
continued. However, because the solver must advance the solution by time-marching,
the solution on the refined mesh now appears to require significant additional time for
convergence. Therefore, the results presented here are for the "converged" solution on
the first mesh. While it is understood that this solution is not the true steady-state
solution, nevertheless the current results are useful for analyzing the performance of
the methods developed in this research for large reacting flow systems that are more
complex (chemically) than methane/air combustion.
As in §5.2.1, the propane/air simulation here was performed in a two-dimensional
Cartesian domain, with "radial" boundaries at y = 0 and y = 5.10 cm and "axial"
boundaries at x = 0 and x = 20.0 cm. Neumann boundary conditions were applied
at the exit boundary, requiring zero normal gradients at x = 20 cm. A library of 15
reduced models (Nmax = 20) was used for the Adaptive Chemistry simulation and it
is documented in Appendix C.1.1. The resulting flame prediction is briefly described
in Figure 5-12.
In this case, the corresponding full-chemistry problem was determined to be too
expensive computationally, so only an Adaptive Chemistry simulation was performed.
As described in chapter 2, an Adaptive Chemistry solution is accurate only if it satis-
fies the steady-state convergence tolerances when inserted in the full-chemistry prob-
lem. Therefore, we verified the accuracy of the Adaptive Chemistry solution (relative
to the full-chemistry solution) by running a single step of the full-chemistry problem
starting from the Adaptive Chemistry solution. As guaranteed by the error-controlled
Adaptive Chemistry method used, the Adaptive Chemistry solution satisfies the con-
vergence tolerances in the full-chemistry problem, showing that it is an accurate
solution of the full model problem.
The CPU time required for a single step of the propane/air simulation also provides
an indication of the speedup obtained by using the Adaptive Chemistry method
instead of the traditional full-chemistry approach. As summarized on Table 5.6,
the Adaptive Chemistry method is roughly 2.5 times faster than the full-chemistry
simulation. The distribution of the reduced models over the computational domain
at the end of the simulation is shown in Figure 5-13.
YC3H8
Y02
YN2
Axial velocity (cm/ s)
I Inner jet I Outer jet
0.087010 0.00000
0.256819 0.23200
0.656171 0.76800
23.71 10.48
Table 5.5: Parameters for 2-D co-flow partially premixed propane/air flame simulation
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Figure 5-12: Temperature profile showing the structure of the 2-D propane flame
solution obtained using Adaptive Chemistry. The actual computational domain is
only half of the domain shown here. The mirror image reflected across the line y=O
is shown here for illustrative purposes only. x and y axes are in units of meters.
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Figure 5-13: Usage of reduced models at the end of the 2-D propane/air flame sim-
ulation. Less than 30% of the grid points in the computational domain require a
chemistry model larger than 34 reactions (' 7% of full model). The full-chemistry
model is used for - 3% of the grid points.
Full model Adaptive Chemistry
Total CPU seconds 1243.4 503.02
CPU time for chemistry 1130.6 (91%) 388.2 (77%)
(percent of total)
Table 5.6: CPU times required for a single 2-D propane/air flame simulation step
using full-chemistry and Adaptive Chemistry methods.
5.3 Conclusions
The simulations described in this chapter represent the first automatic and rigor-
ous implementation of Adaptive Chemistry with error control. The results obtained
demonstrate that the error control approach described in chapter 2 is an effective
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method for contolling the accuracy of steady-state reacting flow simulations using
reduced reaction models. By applying the criteria outlined in chapter 2, one obtains
steady-state solutions that are guaranteed to be as accurate as the full model solution,
within numerical convergence error tolerances. Further, the simulations presented
here were performed using two different CFD solvers, demonstrating that the Adap-
tive Chemistry algorithm developed here for steady-state reacting flow simulations
can be readily interfaced with various fluid dynamics solvers. Therefore, Adaptive
Chemistry can now be applied accurately to steady-state reacting flow simulations to
improve computational efficiency.
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Chapter 6
Enabling Chemical Science
through Informatics and
Cyberinfrastructure
6.1 Introduction
In this chapter we discuss results of a collaborative effort to develop cyberinfras-
tructure to support and facilitate the emerging scope of chemical science. The work
presented here was done as a part of the Collaboratory for Multi-scale Chemical
Science (CMCS) team.
6.1.1 Motivation
The urgent need for high-efficiency, low-emission energy utilization technologies for
transportation, power generation, and manufacturing processes presents difficult chal-
lenges to the combustion research community. The needed predictive understanding
requires systematic knowledge across the full range of physical scales involved in com-
bustion processes - from the properties and interactions of individual molecules to
the dynamics and products of turbulent multi-phase reacting flows. Innovative ex-
perimental techniques and computational approaches are revolutionizing the rate at
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which chemical science research can produce the new information necessary to ad-
vance our combustion knowledge. But the increased volume and complexity of this
information often makes it even more difficult to derive the systems-level knowledge
we need. Combustion researchers have responded by forming interdisciplinary com-
munities intent on sharing information and coordinating research priorities. Such
efforts face many barriers, however, including lack of data accessibility and interop-
erability, missing metadata and pedigree information, efficient approaches for sharing
data and analysis tools, and the challenges of working together across geography,
disciplines, and a very diverse spectrum of applications.
This challenge is especially difficult for those developing, sharing and/or using
chemical kinetic models of combustion to treat the oxidation of practical fuels. This
is a very complex problem, as the development of new chemistry models requires a
series of steps that involve acquiring and keeping track of large amounts of data and
its pedigree. Also, this data is developed using a diverse range of software codes
and experiments spanning ab initio chemistry codes, laboratory kinetics and flame
experiments, all the way to reacting flow simulations on massively parallel comput-
ers. Each of these processes typically requires different data formats, and often the
data and/or analysis codes are only accessible by personally contacting the creator.
Chemical models are usually shared in a legacy file format, such as CHEMKIN [25],
often without needed metadata and pedigree information. Further, as already dis-
cussed in previous chapters, detailed reaction mechanisms are usually too large for
efficient operation of chemical reacting flow solvers so there is also much work aimed
at reducing the number of reactions and/or species in a fashion consistent with the
accuracy needs of the simulation. In the best of cases, this results in a proliferation
of diverse models that are difficult to manage or trace to their origins.
The Collaboratory for Multi-scale Chemical Science (CMCS) is using advanced
collaboration and metadata-based data management concepts and technologies to de-
velop an open source multi-scale informatics toolkit serving as the basis for a CMCS
web portal. The portal enables cross-scale data discovery, viewing, comparison, trans-
formation and exchange while facilitating community formation, communication, and
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data development. The portal also includes tools for browsing cross-scale data de-
pendencies and mechanisms to integrate custom and community resources into active
research projects. Of particular interest here is that the CMCS team is developing new
approaches that facilitate collaborative sharing of chemical model data and analysis
software codes. In this chapter, we will briefly describe the relevant CMCS infras-
tructure and tools in the context of an ongoing collaboration motivated by the desire
to understand and control Homogeneous charge, compression ignition (HCCI) in in-
ternal combustion engines. Range Identification and Optimization Toolkit (RIOT),
a model reduction software, was developed based on methods described in previous
chapters to facilitate the use of reduced models by HCCI researchers.
More about the vision of CMCS and its informatics infrastructure can be found
in a recent paper [36] and on the CMCS web site (cmcs.org).
6.2 Enabling HCCI Science with New Tools and
Approaches
A more efficient combination of multi-dimensional CFD and chemical-kinetics mod-
eling is required to facilitate research, for example, on the effects of non-uniformities
in the charge mixture and temperature in HCCI. We are exploring, therefore, the
adaptation of detailed reaction mechanisms to specific conditions or sub-problems
to enable their reduction to a more tractable size without sacrificing the ability to
capture the important chemistry of the conditions studied. Individual zones in a com-
bustion chamber experience a smaller range of conditions than the entire combustion
chamber, as illustrated in Figure 6-1 depicting the computational domain for an HCCI
simulation. The idea is to then reduce the kinetic model to a much smaller subset
that is still accurate over each zone to which it is applied. This approach requires
access to new developmental tools and ways for researchers to efficiently manage the
process of model reduction and the associated proliferation of data and metadata.
These researchers are collaborating from multiple disciplines and locations, and must
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Figure 6-1: An expanded view of a model HCCI engine combustion chamber divided
up iinto zones (indicated by color) so that each can be assigned a different chemical
model by RIOT. (Figure courtesy of D.L. Flowers, LLNL).
be able to work together efficiently with developmental tools and evolving data. The
RIOT /CMCS web service for automatic reaction mechanism reduction was developed
to accomplish this goal, as discussed in the next section.
6.2.1 The RIOT JCMCS Web Portal
RIOT is a software tool which, in its current implementation, performs model re-
duction using the point-constrained reaction elimination method of Bhattacharjee et
at. [7]. An option is also available to identify valid ranges for the reduced model using
the method presented in 93.1. CMCS has integrated the RIOT model reduction code
into its portal environment by developing a portlet interface that assists the user
with specifying inputs to the RIOT code, generates the input file, ships the request
to a web service interface to the code, and uploads and presents the results when the
reduction completes.
The RIOT program requires several input files to perform the mechanism reduc-
tion. These files include a detailed chemical kinetic mechanism file, a thermodynamics
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data file and one or more solution data files. The first two files are assumed to be
in CHEMKIN format [25]. The solution data files contain histories of pressure, tem-
perature, and species compositions, representative of the set of reaction conditions
for which the reduced model will be used. For HCCI, this would likely be computed
histories from a simulation of an HCCI ignition in an engine.
Once the user has assembled the required files, the user uploads them to the portal
using the Data Browser portlet. The portal recognizes the reaction mechanism file
and the thermodynamic data file based on their MIME-types (".mech" and ".therm"
respectively). The user then accesses the RIOT portlet and specifies the set of files to
be used for the reduction. One or more solution data files can be specified. Multiple
data files may be needed to cover a broad range of conditions (pressure, temperature,
fuel composition, equivalence ratio and exhaust gas recirculation) for HCCI.
In the RIOT portlet, the user selects the solution data points to be considered in
reducing the model and specifies the tolerances that affect the accuracy of the model.
The portlet has not incorporated the newly-developed range-constrained approach to
model reduction, so the user selects the points that have the critical temperatures
and pressures where the reduced mechanism should be valid. A "Model Reduction
Parameters" button provides access to a portlet page where error tolerances are spec-
ified for the model reduction. The user then presses a "submit" button to reduce the
mechanism. The mechanism and all required inputs are sent via an asynchronous
web-based service to a server at MIT where the mechanism reduction is performed.
When the calculation is finished, an XML-based reduced mechanism file is returned
to the CMCS data store where it is available in the RIOT portlet. When the en-
tire process completes, the user receives an email notification with a link that leads
directly to the file in the portal. Within the portal, the XML-formatted results file
can be easily translated to a table view, or to a CHEMKIN-format file, etc., for use
with desired reacting process simulators. The XML format that we developed for this
application is summarized in Figures 6-2 and 6-3.
The portal provides a graph that allows a user to track the pedigree of the reduced
model. The user can trace the reduced model back to the detailed model and the
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specified conditions that were used to create it, enabling users to follow the pedigree
of the data without having to contact other scientists who created the data.
6.2.2 A Case Study
To demonstrate the potential impact of this application, the RIOT tool in CMCS was
used to reduce a mechanism for modeling HCCI using iso-octane fuel at the initial
conditions summarized on Table 6.1. The full detailed kinetic model used was the
LLNL mechanism [14] with 857 species participating in 3606 reactions. A single-zone
HCCI simulation was performed first using the full mechanism and it was completed
after 2280 seconds of CPU time.
In an attempt to obtain a point-constrained reduced model that would accurately
describe the time-dependent kinetics of the HCCI, the constrained points were se-
lected at ignition conditions, where the chemistry is most complex. A solution could
not be obtained for the model reduction optimization problem at many values of the
error tolerances (perhaps due to the drastic range of reaction conditions represented
by the simulataneously constrained points). In order to successfully reduce the model,
the tolerances were adjusted by trial and error, maintaining greater accuracy require-
ment for "key" species (determined by intuition), while allowing looser tolerances for
most species. The final set of tolerances and reaction conditions at the three points
used for model reduction are summarized in Figure 6-2.
In the manner described in the previous section, a ready-to-use reduced model was
obtained for the conditions and parameters in Figure 6-2, consisting of 660 reactions
with only 257 participating species (species involved only in eliminated reactions
are not treated in the reduced model; see Appendix D). The simulation was then
repeated using this reduced model and the computation required only 111 seconds of
CPU time - a decrease by a factor greater than 20. Comparisons of the Temperature
and Pressure histories predicted by the full model and the reduced model also show
that the reduced model was very accurate (see Figures 6-4 and 6-5).
It is interesting to note that when the inactive chemical species were not ignored,
the reduced model consisted of 660 reactions and 857 species, and yielded a speedup
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factor of 6 (versus 20).
Parameter Value
Pressure (atm) 0.9776
Temperature (K) 402
Engine Compression Ratio 15.9
Engine Connecting Rod to Crank Radius Ratio 3.2
Engine Speed (rpm) 1200
Iso-octane (mole fraction) 0.00612
Oxygen (mole fraction) 0.20823
Nitrogen (mole fraction) 0.78565
Table 6.1: Input parameters for HCCI engine simulation
6.3 Conclusions and Acknowledgements
Collaborative sharing of RIOT for automatic reaction mechanism reduction and re-
lated data for enabling HCCI modeling has been discussed. RIOT has been integrated
into the CMCS portal environment through development of a portlet interface that
assists the user with specifying inputs to the RIOT code, generates the input file,
ships the request to a web service interface to the code, and uploads and presents
the results when the reduction completes. Preliminary use of the RIOT/CMCS web
service to obtain a reduced model for modeling HCCI yielded greater than a 20-
fold improvement in computational efficiency while preserving the accuracy of the
predictions. We plan to continue development and improvement of the RIOT tool
and associated cyberinfrastructure. Current efforts are focused on incorporating the
range-constrained model reduction capabilities described in §3.2 into the web service.
The work presented here is the result of a large collaborative effort (see Ref. [47])
and all of the members of the CMCS team are gratefully acknowledged for their
many contributions. Special acknowledgements go to Karen Schuchardt of PNNL for
the software development work for the RIOT web service and William Pitz of LLNL
for generating interest from and liaising with the HCCI community, and for useful
feedback on the reduced models.
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Figure 6-2: XML output from RIOT showing the general data structure used.
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- <riotlogfile>
- <pedigree>
<dc: format>text/xml-riot-output</dc:format>
- <dc:title>
A test of this
</dc:title>
<dc: description>RIOT logfle</dc: description>
<dcterms: created>2005-05-20 12:19:29 EDT</dcterms: created>
<dc: subject>Mechanism</dc: subject>
< ncms:ProgramName>RIOT</cmc s:ProgramName>
<cmcs:Pro gramVersion>2. O</cmc s: ProgramVersion>
</pedigree>
- <input>
+ <fullmodel speciescount-" 57" reactioncount-" 3606"></fullmodel>
- <tolerances>
<tempatol units"Ks^- 1"> 1.000 </tempatol>
<temprtol> 1.0000E-03</temprtol>
<speciesatol units="s^-1" comment="global"> 0.1000 </speciesatol>
<speciesrtol comment="global"> 1. 0000E-03</speciesrtol>
<speciesatol speciesid=" 14" units="s - 1"> 1.0000E-07</speciesatol>
<speciesrtol speciesid=" 14"> 1.0000E-05</speciesrtol>
</tolerances>
- <point comment-"pomt for model reduction" modelid=" 1">
<state name="pressure" units="dyne/cm^2' value="single"> 38008715.84</state>
<state name="temperature" units="K" value="single"> 1002.79</state>
+ <state name="mass fraction" value="hst"></state>
</point>
- <point comment="point for model reduction" modelid=" 1 ">
<state name="pressure" units="dyneicm^2" value="smgle"> 43460844.88</state>
<state name="temperature" units="K" value="single"> 1143.94</state>
+ <state name="mass fraction" value="list"></state>
</point>
- <point comment="pomt fobr model reduction" modelid=" 1">
<state name="pressure" units-"dyne/cm-2" value="sigle"> 62551418.21</state>
<state name="temperature" units="K" value="single"> 1635.75</state>
+ <state name="mass fraction" value="hst"></state>
</point>
</input>
- <output>
+ <reducedmodel modelid=" 1" speciescount-" 857" reactioncount-" 660"></reducedmodel>
<loutput>
</riotlogfile>
(a)
(b)
Figure 6-3: XML output from RIOT showing (a) the format in which the chemical
elements and species in the reaction mechanism are catalogued, and (b) the format
in which elementary reaction steps are documented.
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- <fullmodel speciescount" 857" reactioncount-" 3606">
- <element>
<elementformula>h </elementformula>
<elementformula>c </elementformula>
<elementformula>o </elementformula>
<elementformula>n </elementformula>
</element>
- <species>
<speciesformula speciesid=" 1">h </speciesformula>
<speciesformula speciesid=" 2">h2 </speciesformula>
<speciesformula speciesid=" 3">o </speciesformula>
<speciesfonnula speciesid-" 4">o2 </speciesformula>
<speciesformula speciesid=" 5">oh </speciesformula>
<speciesformula speciesid=" 6">h2o </speciesformula>
<speciesformula speciesid-" 7">n2 </speciesformula>
<speciesformula speciesid=" 8">co </speciesformula>
<speciesformula speciesid=" 9">hco </speciesformula>
<speciesformula speciesid=" 10">co2 </speciesformula>
<speciesformula speciesid=" 1 l">ch3 </speciesformula>
- <fullmodel speciescount-" 857" reactioncount- 3606">
+ <element></element>
+ <species></species>
- <reaction reactionid=" 1">
- <reactionformula>
ch3+h(+M)<=>ch4(+M)
</reactionformula>
<A units="cm3-mole-s"> 2.1380E+15</A>
<beta>-0.4000 </beta>
<E units="caI/mole"> 0.000 </E>
- <thirdbodies>
<collisionefficiency speciesid=" 2"> 2.000 </collisionefficiency>
<collisionefficiency speciesid=" 6"> 5.000 </collisionefficiency>
<collisionefficiency speciesid-=" 8"> 2.000 </collisionefficiency>
<collisionefficiency speciesid-" 10"> 3.000 </collisionefficiency>
</thirdhodies>
- <lowpressure>
<A units="cm3-mole-s"> 3.3100E+30</A>
<beta> -4.000 </beta>
<E units="callmole"> 2108. </E>
</lowpressure>
- <falloff form="TROE">
<a> 0.000 </a>
<T3x> 1.0000E-15</T3x>
<Tlx> 1.0000E-15</T1x>
<T2x> 40.00 </T2x>
<Ifalloff>
</reaction>
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Figure 6-4: Comparison of predicted engine temperature profiles using RIOT reduced
reaction mechanism and full detailed mechanism.
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Figure 6-5: Comparison of predicted engine pressure profiles using RIOT reduced
reaction mechanism and full detailed mechanism.
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1.14
Chapter 7
On the Accuracy of
Reduced-species Models in
Reacting Flow Simulations
The results obtained in this research suggest that one would typically realize compu-
tational speedup factors of 3-5 when using reduced reaction models in reacting flow
simulations (i.e. when the number of reactions in the chemistry model is varied but
the number of species is fixed). As described in [7], the CPU time in reacting flow
simulations increases roughly linearly with the number of reactions while it increases
superlinearly with the number of species in the chemistry model. Therefore, one can
obtain even further speedup by using reduced-species models, as was observed in the
example in chapter 6. The importance of reducing the number of species is further
seen in the fact that the CPU memory load increases with the number of differen-
tial equations that must be solved and, as was experienced in the 2-D propane/air
simulation discussed in chapter 5, this can become an important limitation for large
problems. Although several methods exist for reducing the number of species in a
chemistry model (e.g. [61, 33, 27, 31]), several challenges have limited their accep-
tance and successful implementation in the reacting flow literature. Most notably, it
is difficult to ensure that mass is conserved when different species are included at dif-
ferent times and at different locations in a reacting flow simulation (as would be done
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in an Adaptive Chemistry implementation), and it is difficult to ensure that solutions
obtained using reduced-species models will be accurate. The methods developed in
this research can be applied to the latter, as described briefly below.
7.1 Obtaining accurate solutions using reduced-
species models
Recall, from chapter 2:
In a typical steady-state reacting flow simulation, the temperature equation and the
species conservation equations at each grid point can be written as:
(0) + SP() = 0; Vj= 1,...,Ns + 1, (7.1)
where ej contains the transport/fluid dynamics terms and Sj is the chemical reaction
source term for temperature and for the (j - i)th species. Here q is the solution sub-
vector, which contains the current values of the Ns species molar concentrations and
the additional NT variables of interest (e.g. temperature, velocities) at grid point p,
while / is the full solution vector of all 4 at all grid points p = 1,..., Ngrids. There
are Q other equations in the discretized model (momentum conservation, etc.) whose
residuals must also vanish at the true solution, that do not depend on the chemistry
source terms Sj:
R )= 0; Vq = 1,..., Q; Vp = 1,..., Ngrid. (7.2)
Note that the non-chemistry terms ) and RP depend on ¢ at multiple grid points in
addition to the grid point p.
The iterative numerical solution of equations (7.1) and (7.2) will be terminated at
some approximate q that is considered to be close enough to the exact steady-state
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solution:
|<(4) + S(p) <6; Vj = 1,...,Ns+1;I  sVp = 1,..., Ngrid, (7.3)
where 6 and E are the numerical convergence error tolerances. Thus, the numerical
steady-state solution is considered to be sufficiently accurate when it satisfies a set of
equations:
F (¢) < 61 V1 = 1, ... ,L (7.4)
at all the grid points p = 1, Ngrid, where L = Ns + 1 + Q.
In a reduced-species simulation, only a subset M of the complete set of species in
the full-chemistry model are treated explicitly; i.e. at each grid point:
= ( 0 7, 02 ( 1 , * O2M, M+1, l, ...* Ns, ONs+1, 1 . , NS+NT) (7.5)
red = (1, 2, ... M+NT)
and all "minor" species (0m, V (M + 1) < m < Ns) are treated using some approxi-
mations depending on exactly what reduced-species method is employed. From the
previous discussion, it is clear that in order to conclude rigorously that a numerical
solution obtained using any method is sufficiently accurate, the solution must satisfy
all L full-model constraints in equation (7.3). Following the approach in chapter 2
for reduced reaction models, one should derive the corresponding criteria that enforce
these constraints in the reduced-species simulation in order to guarantee its accuracy.
However, these constraints depend on the concentrations of both "major" and "mi-
nor" species and they include functions that would not be computed in a simulation
when using a reduced-species model. Therefore, in order to guarantee the accuracy
of a solution in a reduced-species method, one should:
1. Determine the range of physically realizable concentrations of minor species
that has been implied by the reduced-species method;
2. Identify rigorous valid ranges of the reduced-species model as ranges of the
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computed (major) variables over which the uncomputed (minor) elements of
equation (7.3) are guaranteed to be satisfied, given the strict concentration
range identified in step 1 for the minor species; and
3. Derive and enforce convergence criteria in the reduced-species simulation for the
major species that, when satisfied, will guarantee that equation (7.3) is satisfied
for these species.
Then, as long as the reduced-species model is used in a simulation only within its valid
range identified in step 2 (and the simulation is terminated only when the criteria
in step 3 are satisfied), its steady-state predictions are guaranteed to be sufficiently
accurate, within numerical convergence error tolerances defined in equation (7.3).
Outside of this valid range (or an identified rigorous valid subrange if the full valid
range is unknown) a different reduced model must be used that is known to be valid
at the new conditions, otherwise the full model must be used. Note that several
technical issues arise if multiple reduced-species are to be used in a simulation in this
manner, as discussed in chapter 8.
In the following sections, we outline the three steps described above for a few
classes of reduced-species methods. All of the criteria defined below are derived from
equations (7.3) and similar criteria can be derived in a similar manner for other
specific cases that are not treated here.
7.1.1 Species Elimination
Species elimination is a class of methods in which reduced chemical kinetic models
are derived by eliminating unimportant species from a reference full-chemistry model
(e.g.[31, 61]). In such cases, the minor species are not considered at all in the reduced
model. In other words,
red= Im-=O, V (M+1) < m <Ns, (7.6)
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and as proposed in step 1, we have determined that the range of minor species con-
centrations in this method is =1o,m = 0up,m = 0 (Vm = M + 1,..., Ns).
If the reacting flow problem described in equation (7.3) is solved using such a
reduced-species model, an approximate steady-state solution red will be obtained.
- redInserting ed into equation (7.3) (and recalling the definition in equation (7.6)), the
reduced-species solution is sufficiently accurate if and only if it satisfies:
red
3•~( ) +SP( r e d ) I <j; Vj = 1,...,Ns+1S ed(7.7)
Rq < Eq; = 17 ..*Q
or, equivalently:
C (red) + Sp,reduced(red) + (Spred) _ Sreduced red ;
Vj= 1,...,M+1 (78)
(7.8)
Sj ( r ed) 6j; Vj= M+2,...,Ns+1
Rq(ired)< ; Vq = 17 ...
at all the grid points p = 1,..., Ngrid. In equations (7.7) and (7.8), we have applied
the knowledge that at a given _, the transport model 1O that is used is independent of
the chemistry model and Oj = 0 for all eliminated (minor) species. As in chapter 2, if
the reduced-species model satisfies an error tolerance tolj on the computed quantities:
Si ( red) - Sreduced( red) • tol Vj = 1,..., M + 1, (7.9)
then the steady-state solution red is sufficiently accurate if it satisfies:
e (red) + Sreduced (red) < 6 - to; (7.10)
Vj= 1,...,M+1
and (only if):
S ( rd)r e dj; Vj=M+2,...,Ns+1 (7.11)
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R red) < E,; Vq = 1, ..., Q (7.12)
at all grid points. Note that only equations (7.10) and (7.12) are computed in a
reduced-species model simulation and in order to ensure an accurate solution one
must be guaranteed that equation (7.11) also is satisfied at gred at all grid points.
Therefore, as proposed in step 2, the valid range of the reduced-species model here is
defined as the range of qred (dimensions of temperature and included species, for an
isobaric system), over which:
S(red) - Seduced( red < tol, Vj =1,..., M + 1 (7.13)
S( d re )1 < 6j; Vj = M+2, ... , Ns + 1. (7.14)
Outside of this range (or outside of an identified subrange over which the above are
guaranteed to be satisfied), a different reduced model must be used that satisfies
equations (7.13) and (7.14), in order to avoid uncontrolled errors. Conceptually,
equation (7.13) is violated when the reaction subset is inaccurate, while equation
(7.14) is violated when omitted species become important, relative to the full model.
By using the reduced-species model only within its valid range and terminating the
reacting flow simulation only when equations (7.10) and (7.12) are satisfied at all
grid points, one is assured (without having to solve the full-chemistry problem) that
red is an acceptable steady-state solution to the full-chemistry discretized reacting
flow problem with a numerical convergence error tolerance 6j (see equation (7.3)).
In other words, as proposed in step 3 above, the steady-state convergence criteria in
equations (7.10) and (7.12) should be enforced in the simulation.
7.1.2 Manifold methods
Another class of scenarios in which reduced-species models are used is in manifold or
reduced-order solution methods. Essentially, these methods exploit the possibility of
evolving the solution of the governing differential equations within a state space of
lower dimension than the full space. The most commonly used methods in the com-
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bustion literature are the methods of Intrinsic Low-Dimensional Manifolds (ILDM)
[33, 10], Computational Singular Perturbation (CSP) [26, 27], and Quasi Steady-
State Approximation (QSSA) [20, 37]. These methods exploit the separation in the
timescales of evolution of the different "modes" or species in the model, solving only
the slow modes using the correct governing differential equations. It is assumed that
the fast modes equilibrate very quickly and thus do not change much over the bulk of
the simulation, so the evolution of the fast modes is estimated using approximations
that are cheap computationally. The slow and fast modes may be species compo-
sitions or some effective coordinate transformations. Nevertheless, the result is a
smaller set of differential equations that is usually less stiff and thus much cheaper to
solve than the original full model equations.
Often (e.g. QSSA), the major species are modelled using equation (7.1) and the
minor species are assumed to follow the equations:
Sj,() = 0, Vj= M+2,..., Ns + 1, (7.15)
so that:
0red = •q•0m = f(i=1,...,M) V (M + 1) < m < Ns. (7.16)
Therefore, the minor species concentration range required in step 1 will be determined
here implicitly as a function of the major species concentration ranges. Note that
equations (7.15) and (7.16) mean that the full reaction model is used in this method
and approximations are used only to estimate the concentrations of minor species,
given those of the major species (i.e. S anifold(() = Sj(0), VO). By analogy to
equation (7.3), it is clear that a numerical steady-state solution derived in this manner
is accurate if and only if it satisfies (at all grid points):
I ed)-sP(red) j; Vj = 1,..., M+ 1, (7.17)
IO(•~ d) I 6j; Vj = M+2, ... , Ns + 1, (7.18)
( red < q; Vq = 1, ... ,Q, (7.19)
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where we have applied equation (7.15) in equation (7.18). Then, as proposed in step 2,
the valid range of the approximations in the manifold method is defined as the range
of 0red (dimensions of major species concentrations and the NT additional variables of
interest, at all grid points in a computational domain) over which equations (7.18) are
satisfied at all grid points. For step 3, equations (7.17) and (7.19) are the appropriate
convergence criteria that must be enforced in the simulation.
Note that the convergence criteria in equations (7.17) and (7.19) for the major
species are identical to those in the full model problem (cf. equation (7.3)). Concep-
tually, the manifold method solves the correct equations, assuming that the "minor"
species will remain in steady-state chemically, and will be inactive fluid-dynamically
throughout the simulation. Evidently, this assumption is valid only when equation
(7.18) is satisifed and one can ensure the validity of the final solution by classifying
species as "minor" in the simulation only within the valid range. Outside of this
valid range (or outside of an identified rigorous valid subrange), species that violate
equation (7.18) must be classified as "major" and treated explicitly.
Alternatively, one may define the state vector in the manifold method as:
0 = (Omajor, minor)
/minor = f(Omajor) (7.20)
0 red = major
and, allowing for possible further approximations in Oj and Sj, equations (7.17) to
(7.19) become (respectively):
E(p(major) + S(¢major) 5• 6j - eTr, - es,j; Vj < M + 1,(7.21)
(kmajor f(0major)) + S ( major, If( major)) - 5 6j - es,j; Vj Ž> M + 2,(7.22)
r te v(major) < E - eR,q; Vq = 1,...,Q(7.23)
where the valid range is now defined by all ýmaj or that satisfy equation (7.22) as well
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as the additional constraints:
(Emajo major'(major)) -• major )| eT,j, Vj = 1,...,M+1; (7.24)
Vp = 1,...,Ngrids,
1Sj(¢major, f(kmajor)) - Sj(Omajor)l I es, Vj = 1, ... ,M + 1, (7.25)
RPmo mao)) - R major e,q Vq = 1,...,Q; (7.26)
Vp = 1, .., Ngrids.
Equations (7.21) to (7.26) are the more general form of the error control criteria
derived in equations (7.17) to (7.19). The latter are recovered by setting eT = es =
eR = 0 in the above (general) equations.
7.2 Concluding Remarks
For species elimination methods (described above), the iterative method described in
§3.1 can be used to find rigorous valid ranges for the reduced-species model, given
that a known valid point is available. As described in chapter 3, knowing rigorous
valid ranges enables one to use (accurately) a limited number of reduced models for
all conditions encountered in a reacting flow simulation, rather than attempting to
obtain a different reduced model for each new condition encountered. Most often,
the latter renders the reduced model simulation impractical due to the cost of model
reduction. For manifold methods, note that the valid range of the approximation is
defined in (Nm * Ngrids)-dimensional space (where Nm is the number of minor species),
and pre-constructing valid ranges may not be practical in such cases since Ngrids can
be very large and is usually system-specific (and it can vary during a simulation).
Further research is necessary to develop a practical approach to implement the error
control described above for these (manifold) methods.
Also, it is noted that the method described in this chapter for controlling the error
due to model reduction is appropriate only for steady-state problems. Essentially, we
allow the solution trajectory in the reduced model problem to differ from that in
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the full model problem, requiring only that the reduced model problem arrive at a
correct steady-state solution. Controlling the accuracy of time-dependent problems
is more complicated since the trajectory is required to match that of the full model
problem. Previous work available in the literature may suggest ways to approach this
[32, 26, 21].
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Chapter 8
Conclusions and Recommendations
for Future Research
8.1 Final conclusions
The reacting flow simulations conducted in this thesis represent the first automatic
and rigorous implementation of Adaptive Chemistry with reduced-model error con-
trol. The results obtained (described in chapter 5) demonstrate that the error control
approach described in chapter 2 is an effective method for contolling the accuracy of
steady-state reacting flow simulations using reduced reaction models. By applying
the criteria outlined in chapter 2, one obtains steady-state solutions that are guaran-
teed to be as accurate as the full model solution, within numerical convergence error
tolerances. The valid range analysis methods developed in chapter 3 enable a practi-
cal implementation of the error control method. Further, the simulations presented
here were performed using two different CFD solvers, demonstrating that the Adap-
tive Chemistry algorithm developed in this research for steady-state reacting flow
simulations can be readily interfaced with various fluid dynamics solvers. Therefore,
Adaptive Chemistry can now be applied accurately to steady-state reacting flow simu-
lations to improve computational efficiency. The model reduction software developed
here has also been made accessible through a web portal, the result of a large collab-
orative effort to facilitate remote collaborative research in chemical science (discussed
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in chapter 6).
Finally, the reduced model error control method demonstrated in this research
for reduced reaction models can be extended to reduced-species models as described
in chapter 7. Such reduced-species models are beneficial since they can yield greater
improvement in computational efficiency than reduced reaction models. However, fur-
ther research is necessary before reduced-species models can be practical in Adaptive
Chemistry simulations.
8.2 Recommendations
A few recommendations are discussed below to further the research conducted in this
thesis.
8.2.1 Adaptive Chemistry with reduced-species models
As discussed in chapter 7, further improvement in computational efficiency is pos-
sible using reduced-species models. Since reduced chemistry models are used most
efficiently in an Adaptive Chemistry approach, further research to enable implemen-
tation of reduced-species models in Adaptive Chemistry would be beneficial. Some of
the challenges posed by this endeavor have been discussed in chapter 7 and methods
described in that chapter may be used to ensure agreement between steady-state so-
lutions obtained using the reduced-species models and the full model (note that the
criteria outlined in that chapter suggest appropriate constraints for development of a
model reduction method with species elimination).
Another major challenge to be overcome is the issue of determining the proper
way to treat species that would be produced in a certain region of the computational
domain, but not allowed by the transport model to diffuse (or to be convected)
into neighboring regions because they are not present in the model used in those
(neighboring) regions. This is an important issue because it can lead to unphysical
predictions with spatial discontinuities and violations of mass conservation. Future
research should focus on how to address this issue.
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Overall, in order to successfully implement Adaptive Chemistry using reduced-
species models, one must be able to:
1. Develop a library of reduced-species models that are applicable over different
(defined) ranges of reaction conditions;
2. Identify (during a reacting flow simulation) what reduced-species models may
be used accurately at a given set of reaction conditions; and
3. Advance the reacting flow solution using the (different) reduced-species models.
The methods developed in this research enable one to perform steps 1 and 2, since
appropriate validity and accuracy criteria have been defined for reduced-species mod-
els in chapter 7 and one is able to identify rigorous valid ranges as well as store and
retrieve several reduced models (see algorithms and discussions in chapters 3, 4 and
7). However, further research is necessary to enable step 3, as described earlier in
this section.
8.2.2 Reduced-model error control in time-dependent prob-
lems
Several reacting flow processes involve time-dependent phenomena that are of interest
to modellers (e.g. ignition) and that are expensive to predict computationally. There-
fore, further research to ensure the accuracy of predictions of such time-dependent
phenomena using reduced chemistry models would be contributive. A number of
challanges are anticipated. First, error control in stiff time-dependent problems is
significantly more complicated than in steady-state problems, due to error amplifica-
tion and numerical stability issues that do not arise in the latter. Also, unlike the
steady-state case, the trajectory of the reduced model time-dependent solution is re-
quired to agree with the full model. Therefore, stricter error tolerances will likely be
required and, to maintain computational efficiency, reduced models will likely have
to be used over smaller ranges than in the steady-state cases. Ongoing work in the
literature [50, 9, 11, 21] may suggest helpful ways to approach some of these issues.
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8.2.3 Model storage and retrieval: Improvements
It would be worthwhile to investigate improvements to the algorithm used for model
storage and retrieval in Adaptive Chemistry. Smaller reduced models may be used
when they are each required to be valid over a smaller range of reaction conditions.
However, a greater number of these reduced models would be required in order to
cover the same region of state space covered by larger models. Consequently, the com-
puter memory and time costs required for storage and retrieval of these models would
be greatly increased, potentially making the Adaptive Chemistry method inefficient.
With the number of reduced models used currently in an Adaptive Chemistry library
(up to 40) storage and retrieval is a negligible cost in the current algorithm. How-
ever, an algorithm that permits efficient storage and retrieval of several hundreds to
thousands of reduced models could enable the use of much smaller reduced models in
Adaptive Chemistry. Further, as described in the previous section, this ability could
be critical for successful implementation of Adaptive Chemistry with error control in
time-dependent problems. Algorithms used in Refs. [45, 58, 39] should be consulted
for information that would be useful in this application.
8.2.4 Partitioning the accessed region: Improvements
It would be useful to develop ways to improve the algorithm used here so that each
box in the partitioned accessed space will never contain subregions of vastly differ-
ent chemistry. The algorithm should include improved methods to ensure that the
boundaries of each box is located where the chemistry begins to differ significantly. In
that way, the chemistry in each box can be more localized and use of larger reduced
models can be limited to smaller regions of the state space, where they are actually
required.
Also, recall from chapter 3 that we require:
Ej',(D) < tolj (8.1)
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over the reduced model valid range 4. When rtolj is nonzero, then:
tolj(0) = atolj + rtolj ISj()| (8.2)
and one must now impose the model reduction error constraints:
ej(q) < atolj + rtoljISj( )j
ej () > -atolj - rtolj|Sj () (8.3)
ej () = S ()- _ reduced()
Vj = 1, ... , Ns + 1
at all points q in the desired valid range D. The function form ISj (()j is nonsmooth
over intervals of q in which there exists a Sj (q) = 0, and in order to evaluate Taylor
model inclusions (required for the valid range methods developed in this research)
one must derive an alternate equivalent form for equation (8.3) that does not require
evaluation of inclusions of absolute value functions. Attempts to derive such an
alternate general form have suggested that the least conservative form that is available
is the following:
(4 min(ISj,to(,)I), S 0 [Sj,lo(I), Sj,~p(o)]
o0, 0 E [Sj,o(4), sj,up(I)]
e-,up(() < atolj + rtol3 ISj(() lo (8.4)
ej,,o(I) 2 -atolj - rtolj ISj(4)ljo
Vj= i,...,Ns+ 1.
Note that in this form, when the computed range of Sj over 4 includes zero, ISj()l|o =
0 and the reduced model is required artificially to satisfy the conservative tolerances
tolj(4) = atolj at all points in 1. Future research should investigate a method that
partitions the accessed region to avoid or minimize the size of such partitions ( in
which the computed range of Sj includes zero, in order to minimize the undesirable
effect described above.
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Appendix A
Shell script for updating model
library "on the fly"
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#!/bin/bash
#how long between checks for model update request
delay=60
#initialize done flag
done=0
#initialize number of model libraries used
number=l
while [ "$done" -eq 0 ]
do
############################################################
#archive model library when adapchem is done uploading it
if [ -e donemodels ]
then
my models.chem modelLibs/models.chem-$number
#reset donemodels signal
rm donemodels
fi
############################################################
if test -a full.rstrt
#stop if simulation is completed
then
# done=l
exit
#otherwise see if a new model library has been requested
elif test -a newmodLib
then
#save stats from current model library
cp avgModelSize modelLibs/avgModelSize-$number
cp modelUsage modelLibs/modelUsage-$number
#just in case model library has not been archived...
if [ -e models.chem
then
my models.chem modelLibs/models.chem-$number
fi
#prepare and submit model library generation job
my domain.tec mklib/
cd mklib/
qsub pbs_modlib.sh
cd -
#increment count of libraries used/requested
let number++
#signal model library processing "in progress"
my newmodLib makingLib
fi
#wait another Y seconds before checking again
sleep $delay
#if necessary,
#signal completion of new model library to CFD solver in file "statmodLib"
if [ -e makingLib
then
if test -a models.chem
then
echo 3 > tempfile
my tempfile statmodLib
#re-initalize model lib. processing flag
rm makingLib
fi
fi
done
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Appendix B
Kinetic models for methane
combustion
B.1 Gri-Mech 3.0
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CHEMKIN INTERPRETER OUTPUT: CHEMKIN-II Version 3.6 Apr. 1994
DOUBLE PRECISION
ELEMENTS ATOMIC
CONSIDERED WEIGHT
1. 0 15.9994
2. H 1.00797
3. C 12.0112
4. N 14.0067
5. AR 39.9480
SPECIES
CONSIDERED
1. H2
2. H
3. O
4. 02
5. OH
6. H20
7. H02
8. H202
9. C
10. CH
11. CH2
12. CH2(S)
13. CH3
14. CH4
15. CO
16. C02
17. HCO
18. CH20
19. CH20H
20. CH30
21. CH30H
22. C2H
23. C2H2
24. C2H3
25. C2H4
26. C2H5
27. C2H6
28. HCCO
29. CH2CO
30. HCCOH
31. N
32. NH
33. NH2
34. NH3
35. NNH
36. NO
37. NO2
38. N20
39. HNO
40. CN
41. HCN
42. H2CN
43. HCNN
44. HCNO
45. HOCN
46. HNCO
C
P H
HA
AR
S G MOLECULAR TEMPERATURE ELEMENT COUNT
EE WEIGHT LOW HIGH 0 H C N AR
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
2.01594
1.00797
15.99940
31.99880
17.00737
18.01534
33.00677
34.01474
12.01115
13.01912
14.02709
14.02709
15.03506
16.04303
28.01055
44.00995
29.01852
30.02649
31.03446
31.03446
32.04243
25.03027
26.03824
27.04621
28.05418
29.06215
30.07012
41.02967
42.03764
42.03764
14.00670
15.01467
16.02264
17.03061
29.02137
30.00610
46.00550
44.01280
31.01407
26.01785
27.02582
28.03379
41.03252
43.02522
43.02522
43.02522
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
300.0 3000.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
200.0 3500.0
300.0 4000.0
200.0 3500.0
300.0 5000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
200.0 6000.0
300.0 4000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
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G 0 42.01725
G 0 28.01340
G 0 39.94800
G 0 43.08924
G 0 44.09721
G 0 43.04561
G 0 44.05358
200.0
300.0
300.0
300.0
300.0
300.0
200.0
6000.0
5000.0
5000.0
5000.0
5000.0
5000.0
6000.0
(k = A T**b exp(-E/RT))
A b EREACTIONS CONSIDERED
1. 20+M<=:>02+M
H2
H20
CH4
CO
CO02
C21H6
AR
2. O+H+M<=>OH+M
H2
H20
CH4
CO
CO2
C2 H6
AR
O+H2<=->H+OH
O+HO2<-=>OH+02
O+H202<=>OH+HO2
O+CH<=>H+CO
O+CH2<=>H+HCO
O+CH2 (S)<=>H2+CO
O+CH2(S)<=>H+HCO
O+CH3<=>H+CH20
O+CH4<=>OH+CH3
O+CO(+M)<=>CO2(+M)
Low pressure limit:
H2
02
H20
CH4
CO
C02
C2H6
AR
O+HCO<=>OH+CO
O+HCO<==>H+CO2
O+CH20<=>OH+HCO
O+CH2OH<=>OH+CH20
O+CH30<=>OH+CH20
O+CH3(5H<=>OH+CH20H
O+CH3()H<=>OH+CH30
O+C2H<=>CH+CO
O+C2H 2<=>H+HCCO
O+C2H 2<=>OH+C2H
O+C2H52<=>CO+CH2
O+C2H3<=>H+CH2CO
O+C2H4<=>CH3+HCO
O+C2H5<=>CH3+CH20
O+C2H6<=>OH+C2H5
O+HCCO<=>H+2CO
O+CH20CO<=>OH+HCCO
O+CH2CO<=>CH2+CO2
02+CO<=>O+CO2
Enhanced by
Enhanced by
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
0.60200E+15
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
2 .400E+00
1.540E+01
2. 000E+00
1.750E+00
3. 600E+00
3. 000E+00
8.300E-01
2. 000E+00
6.000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
7.000E-01
0.00000E+00
2.000E+00
6.000E+00
6.000E+00
2.000E+00
1.500E+00
3.500E+00
3.000E+00
5.000E-01
1.20E+17 -1.0
5.00E+17 -1.0
3.87E+04 2.7
2.00E+13 0.0
9.63E+06 2.0
5.70E+13 0.0
8.00E+13 0.0
1.50E+13 0.0
1.50E+13 0.0
5.06E+13 0.0
1.02E+09 1.5
1.80E+10 0.0
0.30000E+04
3.00E+13 0.0
3.00E+13 0.0
3. 90E+13
1.00E+13
1.00E+13
3.88E+05
0.0
0.0
0.0
2.5
1.30E+05 2.5
5.00E+13 0.0
1.35E+07 2.0
4.60E+19 -1.4
6.94E+06 2.0
3.00E+13 0.0
1.25E+07 1.8
2.24E+13 0.0
8.98E+07 1.9
1.00E+14 0.0
1.00E+13 0.0
1.75E+12 0.0
2.50E+12 0.0
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47. NCO
48. N2
49. AR
50. C3H7
51. C3H8
52. CH2CHO
53. CH3CHO
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
0.0
0.0
6260.0
0.0
4000.0
0.0
0.0
0.0
0.0
0.0
8600.0
2385.0
0.0
0.0
3540.0
0.0
0.0
3100.0
5000.0
0.0
1900.0
28950.0
1900.0
0.0
220.0
0.0
5690.0
0.0
8000.0
1350.0
47800.0
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32. 02+CH20<=>HO2+HCO
33. H+O2+M<=>HO2+M
02 E
H20 E
CO E
CO2 E
C2H6 E
N2 E
AR E
34. H+202<=>H02+02
35. H+O2+H20<=>HO2+H20
36. H+O2+N2<=>HO2+N2
37. H+O2+AR<=>HO2+AR
38. H+O2<=>O+OH
39. 2H+M<=>H2+M
H2
H20
CH4
C02
C2H6
AR
40. 2H+H2<=>2H2
41. 2H+H20<=>H2+H20
42. 2H+CO2<=>H2+CO2
43. H+OH+M<=>H20+M
H2
H20
CH4
C2H6
AR
44. H+HO2<=>O+H20
45. H+HO2<=>O2+H2
46. H+HO2<=>20H
47. H+H202<=>HO2+H2
48. H+H202<=>OH+H20
49. H+CH<=>C+H2
50. H+CH2 (+M) <=>CH3 (+M)
Low pressure limit:
TROE centering:
H2
H20
CH4
CO
C02
C2H6
AR
51. H+CH2(S)<=>CH+H2
52. H+CH3(+M)<=>CH4(+M)
Low pressure limit:
TROE centering:
H2
H20
CH4
CO
CO2
C2H6
AR
53. H+CH4<=>CH3+H2
54. H+HCO(+M)<=>CH20(+M)
Low pressure limit:
TROE centering:
H2
H20
CH4
CO
CO2
C2H6
AR
1.00E+14 0.0
2.80E+18 -0.9
Enhanced
rnhanced
rnhanced
]nhanced
Enhanced
gnhanced
{nhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
0.10400E+27
0.56200E+00
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0.26200E+34
0.78300E+00
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0.24700E+25
0.78240E+00
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0.000 E+00
0.000 E+00
7.500E-01
1.500E+00
1.500E+00
0.000E+00
0.000E+00
0. 000E+0
0. 000E+0
2.000E+0
0. 000E+0
3. 000E+0
6.300E-0
7.300E-01
3.650E+00
2.000E+00
3.000E+00
3.800E-01
-0.27600E+01
0.91000E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.47600E+01
0.74000E+02
2.000E+00
6.000E+00
3.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.25700E+01
0.27100E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
2. 08E+19
1. 13E+19
2. 60E+19
7.00E+17
2.65E+16
1. 00E+18
9.00E+16
6.00E+19
5.50E+20
2.20E+22
3.97E+12
4.48E+13
8.40E+13
1.21E+07
1.00E+13
S1.65E+14
6. 00E+14
0.16000E+04
0.58360E+04
-1.2
-0.8
-1.2
-0.8
-0.7
-1.0
-0. 6
-1.2
-2.0
-2.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
3.00E+13 0.
1.39E+16 -0.
0.24400E+04
0.29410E+04
40000.0
0.0
0.0
0.0
0.0
0.0
17041.0
0.0
0.0
0.0
0.0
0.0
671.0
1068.0
635.0
5200.0
3600.0
0.0
0.0
0.85520E+04
0 0.0
5 536.0
0.69640E+04
6.60E+08 1.6 10840.0
1.09E+12 0.5 -260.0
0.42500E+03
0.27550E+04 0.65700E+04
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55. H+HCO<=>H2+CO
56. H+CH20(+M)<=>CH20H(+M)
Low pressure limit: 0.12700E+33
TROE centering: 0.71870E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
57. H+CH20(+M)<=>CH30(+M)
Low pressure limit: 0.22000E+31
TROE centering: 0.75800E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
58. H+CH20<=>HCO+H2
59. H+CH20H(+M)<=>CH30H(+M)
Low pressure limit: 0.43600E+32
TROE centering: 0.60000E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
60. H+CH20H<=>H2+CH20
61. H+CH20H<=>OH+CH3
62. H+CH20H<=>CH2(S)+H20
63. H+CH30(+M)<=>CH30H(+M)
Low pressure limit: 0.46600E+42
TROE centering: 0.70000E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
64. H+CH30<=>H+CH20H
65. H+CH30<=>H2+CH20
66. H+CH30<=>OH+CH3
67. H+CH30<=>CH2(S)+H20
68. H+CH3CH<=>CH20H+H2
69. H+CH3CH<=>CH30+H2
70. H+C2H(+M)<=>C2H2(+M)
Low pressure limit: 0.37500E+34
TROE centering: 0.64640E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
AR Enhanced by
71. H+C2E2(+M)<=>C2H3(+M)
Low pressure limit: 0.38000E+41
TROE centering: 0.75070E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
AR Enhanced by
72. H+C2H3(+M)<=>C2H4(+M)
-0.48200E+01
0.10300E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.48000E+01
0.94000E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.46500E+01
0.10000E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.74400E+01
0.10000E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.48000E+01
0.13200E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.72700E+01
0.98500E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
7.34E+13
5.40E+11
0.65300E+04
0.12910E+04
5.40E+11
0.55600E+04
0.15550E+04
5.74E+07
1.06E+12
0.50800E+04
0.90000E+05
2.00E+13
1.65E+11
3.28E+13 -
2.43E+12
0.14080E+05
0.90000E+05
0.0
0.5
0.0
3600.0
0.41600E+04
0.5 2600.0
0.42000E+04
1.9
0.5
2742.0
86.0
0.10000E+05
0.0
0.7
0.1
0.5
0.0
-284.0
610.0
50.0
0.10000E+05
4.15E+07 1.6 1924.0
2.00E+13 0.0 0.0
1.50E+12 0.5 -110.0
2.62E+14 -0.2 1070.0
1.70E+07 2.1 4870.0
4.20E+06 2.1 4870.0
1.00E+17 -1.0 0.0
0.19000E+04
0.13150E+04 0.55660E+04
5.60E+12 0.0 2400.0
0.72200E+04
0.13020E+04 0.41670E+04
6.08E+12 0.3 280.0
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Low pressure limit:
TROE centering:
H2 E
H20 E
CH4 E
CO E
CO2 E
C2H6 E
AR E
73. H+C2H3<=>H2+C2H2
74. H+C2H4(+M)<=>C2H5(+M)
Low pressure limit:
TROE centering:
H2 E
H20 E
CH4 E
CO E
CO2 E
C2H6 E
AR E
75. H+C2H4<=>C2H3+H2
76. H+C2H5(+M)<=>C2H6(+M)
Low pressure limit:
TROE centering:
H2 E
H20 E
CH4 E
CO E
C02 E
C2H6 E
AR E
77. H+C2H5<=>H2+C2H4
78. H+C2H6<=>C2H5+H2
79. H+HCCO<=>CH2(S)+CO
80. H+CH2CO<=>HCCO+H2
81. H+CH2CO<=>CH3+CO
82. H+HCCOH<=>H+CH2CO
83. H2+CO(+M)<=>CH20(+M)
Low pressure limit:
TROE centering:
H2 E
H20 E
CH4 E
CO E
CO2 E
C2H6 E
AR E
84. OH+H2<=>H+H20
85. 20H(+M)<=>H202(+M)
Low pressure limit:
TROE centering:
H2 E
H20 E
CH4 E
CO E
C02 E
C2H6 E
AR E
86. 20H<=>O+H20
87. OH+HO2<=>O2+H20
Declared duplicate re
88. OH+H202<=>HO2+H20
Declared duplicate re
89. OH+H202<=>HO2+H20
Declared duplicate re
90. OH+C<=>H+CO
91. OH+CH<=>H+HCO
92. OH+CH2<=>H+CH20
0.14000E+31
0.78200E+00
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
0.60000E+42
0.97530E+00
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
0.19900E+42
0.84220E+00
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
0.50700E+28
0.93200E+00
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
nhanced by
0.23000E+19
0.73460E+00
nhanced by
:nhanced by
nhanced by
nhanced by
:nhanced by
:nhanced by
:nhanced by
!action...
!action...
9action...
-0.38600E+01
0.20750E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.76200E+01
0.21000E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.70800E+01
0.12500E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.34200E+01
0.19700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.90000E+00
0.94000E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
0.33200E+04
0.26630E+04 0.60950E+04
3.00E+13
5.40E+11
0.69700E+04
0.98400E+03
1.32E+06
5.21E+17 -
0.66850E+04
0.22190E+04
2.00E+12
1.15E+08
1.00E+14
5.00E+13
1.13E+13
1.00E+13
4.30E+07
0.84350E+05
0.15400E+04
2.16E+08
7.40E+13 -
-0.17000E+04
0.17560E+04
0.0
0.5
0.0
1820.0
0.43740E+04
2.5
1.0
12240.0
1580.0
0.68820E+04
0.0
1.9
0.0
0.0
0.0
0.0
1.5
0.0
7530.0
0.0
8000.0
3428.0
0.0
79600.0
0.10300E+05
1.5
0.4
3430.0
0.0
0.51820E+04
3.57E+04 2.4 -2110.0
1.45E+13 0.0 -500.0
2.00E+12 0.0 427.0
1.70E+18 0.0 29410.0
5.00E+13
3.00E+13
2.00E+13
0.0
0.0
0.0
0.0
0.0
0.0
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93. OH+CH2<=>CH+H20
94. OH+CH2(S)<=>H+CH20
95. OH+CH3(+M)<=>CH30H(+M)
Low pressure limit: 0.40000E+37
TROE centering: 0.41200E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
96. OH+CH3<=>CH2+H20
97. OH+CH3<=>CH2(S)+H20
98. OH+CH4<=>CH3+H20
99. OH+CO<=>H+C02
100. OH+HCO<=>H20+CO
101. OH+CH20<=>HCO+H20
102. OH+CH2OH<=>H20+CH20
103. OH+CH30<=>H20+CH20
104. OH+CH30H<=>CH20H+H20
105. OH+CH30H<=>CH30+H20
106. OH+C2H<=>H+HCCO
107. OH+C2H2<=>H+CH2CO
108. OH+C2H2<=>H+HCCOH
109. OH+C2H2<=>C2H+H20
110. OH+C2H2<=>CH3+CO
111. OH+C2H3<=>H20+C2H2
112. OH+C2H4<=>C2H3+H20
113. OH+C2H6<=>C2H5+H20
114. OH+CH2CO<=>HCCO+H20
115. 2HO2<=>O2+H202
Declared duplicate reaction...
116. 2HO2<=>O2+H202
Declared duplicate reaction...
117. HO2+CH2<=>OH+CH20
118. HO2+CH3<=>02+CH4
119. H02+CH3<=>OH+CH30
120. H02+CO<=>OH+C02
121. H02+CH20<=>HCO+H202
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
C+02<=>O+CO
C+CH2<=>H+C2H
C+CH3<=>H+C2H2
CH+02<=>O+HCO
CH+H2<=>H+CH2
CH+H20<=>H+CH20
CH+CH2<=>H+C2H2
CH+CH3<=>H+C2H3
CH+CH4<=>H+C2H4
CH+CO(+M)<=>HCCO(+M)
Low pressure limit:
TROE centering:
H2
H20
CH4
0
0
En
En
En
En
C02 En
C2H6 En
AR En
CH+C02<=>HCO+CO
CH+CH20<=>H+CH2CO
CH+HCCO<=>CO+C2H2
CH2+02=>OH+H+CO
CH2+H2<=>H+CH3
2CH2<=>H2+C2H2
CH2+CH3<=>H+C2H4
CH2+CH4<=>2CH3
CH2+CO(+M)<=>CH2CO(+M)
).26900E+29
).57570E+00
hanced by
hanced by
hanced by
hanced by
hanced by
hanced by
hanced by
-0.37400E+01
0.23700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
Low pressure limit: 0.26900E+34 -0.51100E+01
-0.59200E+01
0.19500E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
1.13E+07 2.0
3.00E+13 0.0
2.79E+18 -1.4
0.31400E+04
0.59000E+04 0
5.60E+07
6.44E+17
1.00E+08
4.76E+07
5.00E+13
3.43E+09
5.00E+12
5.00E+12
1.44E+06
6.30E+06
2.00E+13
2.18E-04
5.04E+05
3.37E+07
4.83E-04
5.00E+12
3.60E+06
3.54E+06
7.50E+12
1.30E+11
1.6
-1.3
1.6
1.2
0.0
1.2
0.0
0.0
2.0
2.0
0.0
4.5
2.3
2.0
4.0
0.0
2.0
2.1
0.0
0.0
3000.0
0.0
1330.0
.63940E+04
5420.0
1417.0
3120.0
70.0
0.0
-447.0
0.0
0.0
-840.0
1500.0
0.0
-1000.0
13500.0
14000.0
-2000.0
0.0
2500.0
870.0
2000.0
-1630.0
4.20E+14 0.0 12000.0
2.00E+13
1.00E+12
3.78E+13
1.50E+14
5.60E+06
5.80E+13
5.00E+13
5.00E+13
6.71E+13
1.08E+14
5.71E+12
4.00E+13
3.00E+13
6.00E+13
5.00E+13
0.19360E+04
0.16520E+04
1.90E+14
9.46E+13
5.00E+13
5.00E+12
5.00E+05
1.60E+15
4.00E+13
2.46E+06
8.10E+11
0.70950E+04
0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
23600.0
12000.0
576.0
0.0
0.0
0.0
3110.0
-755.0
0.0
0.0
0.0
0.0
0.50690E+04
0.0
0.0
0.0
0.0
2.0
0.0
0.0
2.0
0.5
15792.0
-515.0
0.0
1500.0
7230.0
11944.0
0.0
8270.0
4510.0
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TROE centering:
H2
H20
CH4
CO
CO2
C2H6
0.59070E+00
Enhanced by
Enhanced by
Enhanced by
Enhanced
Enhanced
Enhanced
AR Enhanced
CH2+HCCO<=>C2H3+CO
CH2 (S) +N2<=>CH2+N2
CH2 (S) +AR<=>CH2+AR
CH2(S)+02<=>H+OH+CO
CH2(S)+02<=>CO+H20
CH2(S)+H2<=>CH3+H
CH2(S)+H20(+M)<=>CH30H(+M)
Low pressure limit: 0.18800E+39
TROE centering: 0.60270E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
H2
H20
CH4
En]hanced by
hanced by
hanced by
.34000E+42
.61900E+00
hanced by
hanced by
hanced by
hanced by
hanced by
hanced by
hanced by
Enhanced
Enhanced
Enhanced
CO Enhanced
CO2 Enhanced
C2H6 Enhanced
HCO+02<=>HO2+CO
CH2OH+02<=>HO2+CH20
CH30+02<=>HO2+CH20
C2H+O2<=>HCO+CO
C2H+H2<=>H+C2H2
C2H3+O2<=>HCO+CH20
C2H4(+M)<=>H2+C2H2(+M)
Low pressure limit: 0.15800E+52
TROE centering: 0.73450E+00
H2 Enhanced by
0.12260E+04 0.51850E+040.27500E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.63600E+01
0.20800E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.70300E+01
0.73200E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
2.000E+00
0.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.93000E+-01
0.18000E+03
2.000E+00
6.84E+12
2.65E+13
3.32E+03
3.00E+07
1.00E+07
2.27E+05
6.14E+06
1.50E+18
1.87E+17
0.1
0.0
2.8
1.5
1.5
2.0
1.7
-1.0
-1.0
0.0
600.0
600.0
0.0
0.0
0.0
1145.0
3.00E+13 0.
1.50E+13 0.
9.00E+12 0.
2.80E+13 0.
1.20E+13 0.
7.00E+13 0.
4.82E+17 -1.
0.50400E+04
0.39220E+04
3.00E+13 0.
1.20E+13 0.
1.60E+13 0.
9.00E+12 0.
7.00E+12 0.
1.40E+13 0.
4.00E+13 0.
3.56E+13 0.
2.31E+12 0.
2.45E+04 2.
6.77E+16 -1.
0.27620E+04
0.11800E+04
10600.0
0.0
5860.0
9940.0
9940.0
9200.0
10450.0
17000.0
17000.0
1.34E+13 0.0 400.0
1.80E+13 0.0 900.0
4.28E-13 7.6 -3530.0
1.00E+13 0.0 -755.0
5.68E+10 0.9 1993.0
4.58E+16 -1.4 1015.0
8.00E+12 0.4 86770.0
0.97800E+05
0.10350E+04 0.54170E+04
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CO2 En]
C2H6 En]
CH2(S)+H20<=>CH2+H20
CH2(S)+CH3<=>H+C2H4
CH2(S)+CH4<=>2CH3
CH2(S)+CO<=>CH2+CO
CH2(S)+CO2<=>CH2+CO2
CH2(S)+CO2<=>CO+CH20
CH2(S)+C2H6<=>CH3+C2H5
CH3+02<=>O+CH30
CH3+02<=>OH+CH20
CH3+H202<=>HO2+CH4
2CH3(+M)<=>C2H6(+M)
Low pressure limit: 0
TROE centering: 0
H2 En]
H20 En]
CH4 En]
CO En]
C02 En]
C2H6 En]
AR En]
2CH3<=>H+C2H5
CH3+HCO<=>CH4+CO
CH3+CH20<=>HCO+CH4
CH3+CH30H<=>CH20H+CH4
CH3+CH30H<=>CH30+CH4
CH3+C2H4<=>C2H3+CH4
CH3+C2H6<=>C2H5+CH4
HCO+H20<=>H+CO+H20
HCO+M<=>H+CO+M
0.10180E+05
0 0.0
0 -570.0
0 -570.0
0 0.0
0 0.0
0 0.0
0 -550.0
0 30480.0
0 20315.0
5 5180.0
2 654.0
0.99990E+04
H20
CH4
CO
C02
C2H6
AR
C2H5+O2<=>HO2+C2H4
HCCO+02<=>OH+2CO
2HCCO<=>2CO+C2H2
N+NO<=>N2+0
N+02<=>NO+O
N+OH<=>NO+H
N20+0<=>N2+02
N20+0<=>2NO
N20+H<=>N2+OH
N20+OH<=>N2+HO2
N20(+M)<=>N2+O(+M)
Low pressure limit:
H2
H20
CH4
CO
C02
C2H6
AR
186. HO02+NO<=>NO2+OH
187. NO+O+M<=>NO2+M
H2
H20
CH4
CO
CO2
C2H6
AR
N02+0<=>NO+02
N02+H<=>NO+OH
NH+O<=>NO+H
NH+H<=>N+H2
NH+OH<=>HNO+H
NH+OHR<=>N+H20
NH+02<=>HNO+O
NH+02<=>NO+OH
NH+N<=>N2+H
NH+H20<=>HNO+H2
NH+NO<=>N2+OH
NH+NO<=>N20+H
NH2+0<=>OH+NH
NH2+0<=>H+HNO
NH2+H<=>NH+H2
NH2+OH<=>NH+H20
NNH<=>N2+H
NNH+M<=>N2+H+M
H2
H20
CH4
CO
C02
C2H6
AR
NNH+02<=>HO2+N2
NNH+O<=>OH+N2
NNH+O<=>NH+NO
NNH+H<=>H2+N2
NNH+OH<=>H20+N2
NNH+CH3<=>CH4+N2
H+NO+M<=>HNO+M
H2
H20
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0.63700E+15
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
8.40E+11 0.0
3.20E+12 0.0
1.00E+13 0.0
2.70E+13 0.0
9.00E+09 1.0
3.36E+13 0.0
1.40E+12 0.0
2.90E+13 0.0
3.87E+14 0.0
2.00E+12 0.0
7.91E+10 0.0
0.56640E+05
2.11E+12 0.0
1.06E+20 -1.4
0.00000E+00
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
6.250E-01
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
2.000E+00
6.000E+00
0.0
0.0
0.0
0.0
0.0
1.2
2.0
1.5
0.0
0.0
-0.2
-0.5
0.0
0.0
0.0
1.5
0.0
-0.1
0.0
0.0
0.0
0.0
0.0
0.0
-1.3
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3.90E+12
1.32E+14
4.00E+13
3.20E+13
2.00E+13
2.00E+09
4.61E+05
1.28E+06
1.50E+13
2.00E+13
2.16E+13
3.65E+14
3.00E+12
3.90E+13
4.00E+13
9.00E+07
3.30E+08
1.30E+14
5.00E+12
2.50E+13
7.00E+1 3
5.00E+13
2.00E+13
2.50E+13
4.48E+19
3875.0
854.0
0.0
355.0
6500.0
385.0
10810.0
23150.0
18880.0
21060.0
56020.0
-480.0
0.0
-240.0
360.0
0.0
330.0
0.0
0.0
6500.0
100.0
0.0
13850.0
0.0
0.0
0.0
0.0
3650.0
-460.0
0.0
4980.0
0.0
0.0
0.0
0.0
0.0
0.0
740.0
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
CH4
CO
C02
C2H6
AR
HNO+-O<=>NO+OH
HNO+H<=>H2+NO
HNO+OH<=>NO+H20
HNO+02<=>HO2+NO
CN+O<=>CO+N
CN+OH<=>NCO+H
CN+H20<=>HCN+OH
CN+O2<=>NCO+O
CN+H2<=>HCN+H
NCO+O<=>NO+CO
NCO+H<=>NH+CO
NCO+OH<=>NO+H+CO
NCO+N<=>N2+CO
NCO+O2<=>NO+CO2
NCO+M<=>N+CO+M
H2
H20
CH4
CO
C02
C2H6
AR
NCO+NO<=>N20+CO
NCO+NO<=>N2+CO2
HCN+M<=>H+CN+M
H2
H20
CH4
CO
C02
C2H6
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
AR Enhanced by
231. HCN+O<=>NCO+H
232. HCN+O<=>NH+CO
233. HCN+O<=>CN+OH
234. HCN+OH<=>HOCN+H
235. HCN+OH<=>HNCO+H
236. HCN+OH<=>NH2+CO
237. H+HCN(+M)<=>H2CN(+M)
Low pressure limit: 0.14000E+27
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
AR Enhanced by
238. H2CN+N<=>N2+CH2
239. C+N2<=>CN+N
240. CH+N2<=>HCN+N
241. CH+N2(+M)<=>HCNN(+M)
Low pressure limit: 0.13000E+26
TROE centering: 0.66700E+00
H2
H20
CH4
CO
C02
C2H6
AR
242. CH2+N2<=>HCN+NH
243. CH2(S)+N2<=>NH+HCN
244. C+NO<=>CN+O
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
2.000E+0
1.500E+0
2.000E+0
3.000E+0
7.000E-0
2. 000E+0
6.000E+0
2. 000E+0
1.500E+0
2. 000E+0
3. 000E+0
7. 000E-0
2. 000E+0
6. 000E+0
2. 000E+0
1.500E+0
2. 000E+0
3. 000E+0
7. 000E-0
-0.34000E+01
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
7. 000E-01
-0.31600E+01
0.23500E+03
2. 000E+00
6. 000E+00
2. 000E+00
1. 500E+00
2. 000E+00
3. 000E+00
1. 000E+00
2. 50E+13
9. 00E+11
1 .30E+07
1. 00E+13
7. 70E+13
4. 00E+13
8. 00E+12
6.14E+12
2. 95E+05
2. 35E+13
5. 40E+13
2.50E+12
2.00E+13
2.00E+12
3. 10E+14
1.90E+17
3.80E+18
1.04E-29
2.03E+04
5.07E+03
3.91E+09
1.10E+06
4.40E+03
1.60E+02
3.30E+13
0.19000E+04
6.00E+13
6.30E+13
3.12E+09
3.10E+12
0.74000E+03
0.21170E+04
1.00E+13
1.00E+11
1.90E+13
0.0
0.7
1.9
0.0
0.0
0.0
0.0
0.0
2.5
0.0
0.0
0.0
0.0
0.0
0.0
-1.5
-2.0
-3.3
2.6
2.6
1.6
2.0
2.3
2.6
0.0
0.0
660.0
-950.0
13000.0
0.0
0.0
7460.0
-440.0
2240.0
0.0
0.0
0.0
0.0
20000.0
54050.0
740.0
800.0
126600.0
4980.0
4980.0
26600.0
13370.0
6400.0
9000.0
0.0
0.0 400.0
0.0 46020.0
0.9 20130.0
0.1 0.0
0.45360E+04
0.0
0.0
0.0
74000.0
65000.0
0.0
1.42
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
H2 0
CO
C :2
C2H6
HCNO+-H<=>H+HNCO
HCNO+-H<=>OH+HCN
HCNO+-H<=>NH2+CO
HOCN+H<=>H+HNCO
HCCO+NO<=>HCNO+CO
CH3+N<=>H2CN+H
CH3+N<=>HCN+H2
NH3+H<=>NH2+H2
NH3+OH<=>NH2+H20
NH3+D<=>NH2+OH
NH+CO2 <=>HNO+CO
CN+NO2<=>NCO+NO
NCO+NO2<=>N20+CO2
N+CO2<=>NO+CO
O+CH3:=>H+H2+CO
O+C2H4<=>H+CH2CHO
O+C2H5<=>H+CH3CHO
OH+HO2<=>O2+H20
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
2. 000E+0
6. 000E+0
2. 000E+0
1.500E+0
2. 000E+0
3. 000E+0
7. 000E-0
Declared duplicate reaction...
288. OH+CH3=>H2+CH20
289. CH+H2(+M)<=>CH3(+M)
Low pressure limit:
TROE centering:
H 2
C H 4
CO
C02
C 2 H 6
CH2+02= ->2H+CO2
CH2+02<=>O+CH20
CH2+CH2=>2H+C2H2
CH2(S)+H20=>H2+CH20
C2H3+02<=>O+CH2CHO
C2H3-t-2<=>HO2+C2H2
0.48200E+26
0.57800E+00
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
-0.28000E+01
0.12200E+03
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
7. 000E-01
C+NO<:=>CO+N
CH+NO<=>HCN+O
CH+NO<=>H+NCO
CH+NO<=>N+HCO
CH2 +NO<=>H+HNCO
CH2+NO<=>OH+HCN
CH2+NO<=>H+HCNO
CH2 (S)+NO<=>H+HNCO
CH2 (S)+NO<=>OH+HCN
CH2(S)+NO<=>H+HCNO
CH3+NO<=>HCN+H20
CH3+NO<=>H2CN+OH
HCNN+-O<=>CO+H+N2
HCNN+DO<=>HCN+NO
HCNN+02 <=>O+HCO+N2
HCNN+OH<=>H+HCO+N2
HCNN+-H<=>CH2+N2
HNCO+0<=>NH+CO2
HNCO+O<=>HNO+CO
HNCO+-O<=>NCO+OH
HNCO+H<=>NH2+CO
HNCO+H<=>H2+NCO
HNCO*+OH<=>NCO+H20
HNCO+OH<=>NH2+CO2
HNCO+M<=>NH+CO+M
2.10E+15
2.70E+11
1.70E+14
2. 00E+07
9. 00E+12
6. 10E+14
3. 70E+12
5.40E+05
5. 00E+07
9.40E+06
1.00E+13
6. 16E+15
3.25E+12
3.00E+12
3.37E+13
6.70E+06
1.10E+14
5.00E+15
2.90E+13
4. 10E+13
1. 62E+13
2.46E+13
3. 10E+17
2. 90E+14
3. 80E+13
3. 10E+17
2.90E+14
3.80E+13
9.60E+13
1. 00E+12
2.20E+13
2. 00E+12
1. 20E+13
1.20E+13
1. 00E+14
9. 80E+07
1. 50E+08
2 .20E+06
2.25E+07
1. 05E+05
3. 30E+07
3. 30E+06
1. 18E+16
.00E+09
.97E+12
0.59000E+03
0.25350E+04
5.80E+12
2.40E+12
2. 00E+14
6. 82E+10
3. 03E+11
1.34E+06
0.5
0.4
0.0
0.0
0.0
0.0
-1.4
-0.7
-0.4
-1.4
-0.7
-0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.4
1.6
2.1
1.7
2.5
1.5
1.5
0.0
-0.7
0.2
-0.8
2.0
0.0
-0.3
0.1
2.4
1.6
1.9
0.0
-0.8
0.0
0.0
0.0
1.8
0.0
0.0
0.93650E+04
0.0
0.0
0.0
0.2
0.3
1.6
1500.0
1500.0
10989.0
-935.0
11.0
-384.0
143
0.0
0.0
0.0
0.0
1270.0
760.0
580.0
1270.0
760.0
580.0
28800.0
21750.0
0.0
0.0
0.0
0.0
0.0
8500.0
44000.0
11400.0
3800.0
13300.0
3600.0
3600.0
84720.0
2850.0
2120.0
2890.0
2000.0
0.0
290.0
-90.0
9915.0
955.0
6460.0
14350.0
345.0
-705.0
11300.0
0.0
220.0
0.0
17330.0
-1755.0
-370.0
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
290.
291.
292.
293.
294.
295.
296. O+CH3CHO<=>OH+CH2CHO
297. O+CH3CHO=>OH+CH3+CO
298. 02+CH3CHO=>HO2+CH3+CO
299. H+CH3CHO<=>CH2CHO+H2
300. H+CH3CHO=>CH3+H2+CO
301. OH+CH3CHO=>CH3+H20+CO
302. H02+CH3CHO=>CH3+H202+CO
303. CH3+CH3CHO=>CH3+CH4+CO
304. H+CH2CO(+M)<=>CH2CHO(+M)
Low pressure limit: 0.10120E+43
TROE centering: 0.46500E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
AR Enhanced by
305. O+CH2CHO=>H+CH2+CO2
306. 02+CH2CHO=>OH+CO+CH20
307. O2+CH2CHO=>OH+2HCO
308. H+CH2CHO<=>CH3+HCO
309. H+CH2CHO<=>CH2CO+H2
310. OH+CH2CHO<=>H20+CH2CO
311. OH+CH2CHO<=>HCO+CH20H
312. CH3+C2H5(+M)<=>C3H8(+-M)
Low pressure limit: 0.27100E+75
TROE centering: 0.15270E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
AR Enhanced by
313. O+C3H8<=>OH+C3H7
314. H+C3H8<=>C3H7+H2
315. OH+C3H8<=>C3H7+H20
316. C3H7+H202<=>HO2+C3H8
317. CH3+C3H8<=>C3H7+CH4
318. CH3+C2H4(+M)<=>C3H7(+M)
Low pressure limit: 0.30000E+64
TROE centering: 0.18940E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
AR Enhanced by
319. O+C3H7<=>C2H5+CH20
320. H+C3H7(+M)<=>C3H8(+M)
Low pressure limit: 0.44200E+62
TROE centering: 0.31500E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
AR Enhanced by
321. H+C3H7<=>CH3+C2H5
322. OH+C3H7<=>C2H5+CH20H
323. HO2+C3H7<=>O2+C3H8
324. H02+C3H7=>OH+C2H5+CH20
325. CH3+C3H7<=>2C2H5
2.92E+12
2.92E+12
3.01E+13
2.05E+09
2.05E+09
2.34E+10
3.01E+12
2.72E+06
4.86E+11
0.38540E+04
0.17730E+04
1.50E+14
1.81E+10
2.35E+10
2.20E+13
1.10E+13
1.20E+13
3.01E+13
9.43E+12
0.13065E+05
0.27420E+04
1.93E+05
1.32E+06
3.16E+07
3.78E+02
9.03E-01
2.55E+06
0.18170E+05
0.87480E+04
0.0
0.0
0.0
1.2
1.2
0.7
0.0
1.8
0.4
1808.0
1808.0
39150.0
2405.0
2405.0
-1113.0
11923.0
5920.0
-1755.0
0.53330E+04
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.76300E+01
0.20100E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.16820E+02
0.29100E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.14600E+02
0.27700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
-0.13545E+02
0.36900E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
7.000E-01
2.7
2.5
1.8
2.7
3.6
1.6
3716.0
6756.0
934.0
1500.0
7154.0
5700.0
0.78910E+04
9.64E+13 0.0 0.0
3.61E+13 0.0 0.0
0.11357E+05
0.32850E+04 0.66670E+04
4.06E+06
2.41E+13
2.55E+10
2.41E+13
1.93E+13
2.2
0.0
0.3
0.0
-0.3
890.0
0.0
-943.0
0.0
0.0
NOTE: A units mole-cm-sec-K, E units cal/mole
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0.77480E+04
B.1.1 Reduced-model library used in 1-D methane/air Adap-
tive Chemistry simulation
Shown in this section is the library of reduced models used in the 1-D premixed
flame Adaptive Chemistry simulations presented in §5.1. The reference full-chemistry
model is shown above. The binary values below represent active (1) and inactive (0)
reactions. The reduced model file is interpreted from left to right and top to bottom, in
the order in which the reactions are specified in the full model. Species concentration
valid ranges are in the order of species listing in the full model.
145
!Includes 0 of 325 reactions
REGION_PREIGNITION
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000
VALID RANGE T(K), species (mol/cm3)
297. 349.61
0. 1.04127343E-07
0. 2.23846479E-18
0. 6.00458022E-15
0. 1.55120943E-05
0. 1.14696062E-14
0. 1.17510314E-08
0. 1.50552942E-11
0. 1.39034425E-11
0. 1.87850891E-19
0. 1.73307047E-19
0. 1.60853409E-19
0. 1.60853409E-19
0. 4.69994232E-13
0. 7.75449173E-06
0. 1.60357374E-09
0. 1.9484263E-10
0. 7.77539745E-20
0. 3.59600775E-11
0. 7.27032232E-20
0. 3.10093438E-14
0. 5.90233089E-12
0. 9.01430643E-20
0. 8.55828363E-13
0. 8.34240823E-20
0. 6.76422186E-12
0. 6.86413391E-18
0. 1.37836451E-11
0. 5.499204E-20
0. 2.60466293E-13
0. 1.39947244E-16
0. 3.15711978E-19
0. 1.50273391E-19
0. 4.36091059E-15
0. 4.22161591E-15
0. 7.77463425E-20
0. 5.50211002E-14
0. 1.38022347E-13
0. 3.28297979E-16
0. 2.78954005E-16
0. 8.67214358E-20
0. 1.91439141E-14
0. 2.83180876E-17
0. 5.49882223E-20
0. 3.59249796E-16
0. 4.91625935E-18
0. 3.62755301E-15
0. 8.52332311E-18
1.4516406E-05 4.38098239E-05
0. 5.64810553E-20
0. 2.91471545E-18
0. 4.30523659E-14
0. 5.24166172E-20
0. 1.33109964E-13
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!Includes 55 of 325 reaction
REGION_FLAME
0001000001100000100
0001110000011000100
0001001100000010111
0000000000000010000
0010000111001011000
0000000000000000000
0000000000000000000
000 1 000101100000000
00000
VALID RANGE T(K), species (mol/cm3)
297. 548.61
0. 4.85727775E-07
0. 7.34141553E-12
0. 4.21861854E-12
0. 1.34767395E-05
0. 5.99401692E-11
0. 8.55490904E-07
0. 2.50249361E-09
0. 7.87045263E-10
0. 1.65255042E-19
0. 1.5246062E-19
0. 1.16476057E-14
0. 9.03263164E-16
0. 2.38844711E-10
0. 6.66102067E-06
0. 1.67501376E-07
0. 5.27381238E-08
0. 7.40432661E-14
0. 8.39807125E-09
0. 1.97690537E-15
0. 6.03606258E-10
0. 1.68785086E-09
0. 7.93C01073E-20
0. 1.89761835E-10
0. 2.55230924E-16
0. 1.6959073E-09
0. 3.19797825E-12
0. 4.77851188E-09
0. 9.46605062E-16
0. 1.28504728E-10
0. 6.89493911E-14
0. 6.63916008E-17
0. 1.79783066E-15
0. 1.09432512E-13
0. 3.40564879E-13
0. 1.20051204E-19
0. 1.51557386E-11
0. 1.39744929E-11
0. 9.19894602E-14
0. 2.89869483E-14
0. 7.62900531E-20
0. 5.49699317E-12
0. 8.31951187E-15
0. 4.83739039E-20
0. 9.9288162E-14
0. 1.35412179E-15
0. 1.00171349E-12
0. 2.45638476E-15
8.579055E-06 3.99005857E-05
0. 4.96871698E-20
0. 7.73483293E-14
0. 4.31371762E-11
0. 2.6061133E-13
0. 6.92054326E-11
s
0000000000
0000011101
0101100000
0010110100
0000001000
0000000000
0000000000
0000101100
000
000
000
100
000
000
000
000
11110000
00000000
10100110
00100100
00000000
00000000
00000000
00000000
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!Includes 60 of 325 rea
REGIONEXHAUST
1111100000011100
1111111100000010
0001111110000000
0000000000000000
0000011100000000
0001110011011110
0000000000000000
0010001000000000
00000
VALID RANGE T(K), species (mol
2155.4 2278.9
0. 4.50628946E-08
0. 6.10482654E-09
0. 3.63205222E-09
0. 6.92609262E-08
0. 3.85483079E-08
0. 2.0277597E-06
0. 7.91951384E-12
0. 6.48981436E-13
0. 2.5115813E-20
0. 2.31712895E-20
0. 2.15062283E-20
0. 2.15062283E-20
0. 2.00644228E-20
0. 1.88037922E-20
0. 1.08867717E-07
0. 9.23147366E-07
0. 1.37958138E-14
0. 1.779271E-16
0. 9.72047854E-21
0. 9.72047854E-21
0. 9.41469804E-21
0. 1.20521991E-20
0. 1.15856448E-20
0. 1.11538659E-20
0. 1.07531142E-20
0. 1.03801612E-20
0. 1.00322114E-20
0. 7.35247933E-21
0. 7.17618308E-21
0. 7.17618308E-21
0. 7.26092021E-14
0. 7.36466511E-15
0. 2.44471869E-15
0. 6.46843265E-15
0. 1.16988095E-14
0. 2.3354991E-09
0. 4.56747665E-13
0. 1.17718915E-12
0. 4.40403538E-14
0. 1.99764339E-19
0. 5.20022503E-17
0. 1.07609356E-20
0. 7.35196889E-21
0. 7.01146459E-21
0. 3.02136761E-18
0. 1.01959206E-15
0. 4.58347907E-17
1.93783832E-06 5.85815497E-06
0. 7.55156184E-21
0. 7.00104714E-21
0. 6.84101785E-21
0. 7.00814325E-21
0. 6.84779311E-21
ictions
000000
000000
001100
000000
011100
000000
000000
000000
000000001011110111
000000000000000000
000000000000000001
000000000000000000
101111100010000110
000000000000000000
000000000000000000
000000000000000000
/ cm3)
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!Includes 76 of 325 reactions
REGIONEXHAUST
11111000000111000000000000000010
11111111000001110100000000000000
00011 1 1 1 1 00000000011100000000000
00000000000000000000000000000000
00000111000000000111111111111111
00111111110111100000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00100010000000000000000000000000
00000
VALID RANGE T(K), species (mol/cm3)
1953.7 2250.6
0. 1.09555811E-07
0. 4.27844127E-08
0. 2.13772123E-08
0. 1.61114054E-07
0. 7.58163246E-08
0. 2.05065873E-06
0. 3.84473721E-11
0. 2.05380825E-12
0. 5.95167806E-18
0. 8.14722212E-18
0. 3.51228129E-17
0. 3.86455543E-18
0. 4.21153563E-16
0. 7.70046605E-16
0. 2.26068463E-07
0. 8.97802565E-07
0. 2.4079543E-13
0. 1.04442827E-15
0. 4.72807571E-18
0. 2.60525318E-19
0. 3.69211921E-18
0. 8.77543899E-20
0. 1.14858819E-17
0. 8.68183916E-20
0. 6.31770647E-19
0. 1.10830495E-20
0. 1.07115385E-20
0. 3.41192332E-18
0. 1.89677267E-17
0. 1.65181096E-19
0. 7.67915099E-14
0. 2.74530762E-14
0. 2.75798836E-15
0. 3.19339155E-15
0. 7.18532946E-14
0. 6.93882007E-10
0. 1.28799083E-13
0. 1.33415662E-12
0. 2.82396169E-14
0. 3.73191874E-16
0. 7.98923514E-14
0. 5.2180423E-19
0. 7.84980448E-21
0. 1.31348247E-17
0. 3.2762448E-16
0. 1.32444184E-14
0. 2.08519181E-15
1.95930514E-06 6.29352763E-06
0. 8.06291278E-21
0. 7.47512019E-21
0. 7.30425459E-21
0. 7.48269682E-21
0. 5.85391697E-20
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111
000
000
000
100
100
000
0000 0 0
101
000
100
000
001
000
000
0000 0 0
11
00
0 1
00
1 0
00
0 1
00
!Includes 154 of 325 reactions
REGIONFLAME
0011101001111110110010101110010111110
1 0 0 0 1 1 1 0 0 1 0 0 0 0 1 0 0 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 0 1 0 0 1 1 1 1 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0
000111111101110001110011111111100100
00010
VALID RANGE T(K), species (mol/cm3)
476.37 855.1
0. 5.18952421E-07
0. 7.17761323E-10
0. 7.64979035E-11
0. 7.13890899E-06
0. 4.6927017E-10
0. 1.54245356E-06
0. 4.45936382E-09
0. 9.891191E-10
0. 4.7990104E-19
0. 5.302918E-16
0. 1.28699692E-12
0. 1.13433874E-13
0. 2.70056211E-09
0. 3.29664373E-06
0. 3.6022098E-07
0. 1.44408604E-07
0. 3.60417776E-12
0. 1.81415228E-08
0. 2.00947863E-13
0. 1.20222639E-09
0. 3.7144209E-09
0. 1.10772795E-17
0. 4.95883324E-10
0. 6.87929244E-14
0. 4.40918106E-09
0. 5.10593305E-11
0. 1.3510988E-08
0. 9.11223275E-14
0. 4.40428464E-10
0. 2.29125184E-13
0. 7.79515472E-16
0. 1.84753211E-14
0. 1.72352289E-13
0. 6.38581448E-13
0. 1.3517298E-16
0. 5.23960707E-11
0. 1.60251767E-11
0. 2.55298079E-13
0. 5.63431571E-14
0. 4.78228736E-19
0. 1.46511812E-11
0. 1.51437673E-14
0. 1.76683617E-17
0. 2.7659739E-13
0. 3.77460496E-15
0. 2.76329148E-12
0. 8.41859931E-15
5.26025576E-06 2.29220992E-05
0. 2.87621751E-20
0. 1.40511252E-12
0. 1.74318721E-10
0. 1.55641334E-11
0. 2.34852774E-10
150
110
101
1111 1 0
0 0 0
000
000
1111 1 1
!Includes 237 of 325 reaction
REGION_FLAME
111111111 1 1 1 1 1 1 1 1 1
1101110000010100000
1000000011110000001
0 0 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
11011
VALID RANGE T(K), species (mol/cm3)
806.28 1257.1
0. 4.18826663E-07
0. 5.34581427E-09
0. 8.21782522E-10
0. 3.68095359E-06
0. 2.28427969E-09
0. 1.86198756E-06
0. 3.92712047E-09
0. 6.69001587E-10
0. 1.92685585E-15
0. 1.74939831E-13
0. 3.18474891E-11
0. 2.72730138E-12
0. 1.50248636E-08
0. 1.51228633E-06
0. 5.149686E-07
0. 2.49956042E-07
0. 7.34568262E-11
0. 2.06339359E-08
0. 5.87970222E-12
0. 6.75980575E-10
0. 3.84204629E-09
0. 6.54064433E-15
0. 8.64108139E-10
0. 5.42919665E-12
0. 6.83546107E-09
0. 3.26083649E-10
0. 1.8390724E-08
0. 4.99513152E-12
0. 1.04916511E-09
0. 6.51777016E-13
0. 7.65818219E-15
0. 7.74836226E-14
0. 2.39054287E-13
0. 7.77391556E-13
0. 3.42142208E-15
0. 8.99336343E-11
0. 5.4781938E-12
0. 4.49043709E-13
0. 6.59496915E-14
0. 1.35529262E-16
0. 2.46013467E-11
0. 8.58478452E-15
0. 1.81416423E-15
0. 5.30887691E-13
0. 8.1414888E-15
0. 4.74876182E-12
0. 3.99229165E-14
3.48480349E-06 1.40925993E-05
0. 1.77928575E-20
0. 2.47213147E-12
0. 2.91448727E-10
0. 2.99678399E-11
0. 4.91276032E-10
IS
0 1111111
11111111
11111101
11101111
00000111
00010000
00000100
111111111L1I0IIIII
0L0IIIII1OI
0L0IIOII0II
0O00 0 0 111
1 1OO1L11O1O
111
111
111
111
111
000
001
111
111
111
111
111
100
000
000
1111 1 1
1110111
1111111
1111111
1111111
0101000
0001000
1100100
1111111
151
!Includes 265 of 325 reaction
REGIONFLAME
111111111111111111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11111111111111111111
0 1 1 1 1 1 1 1 1 1 0 1 011110
VALID RANGE T(K), species (mol/cm3)
1830.1 2015.9
0. 1.58854778E-07
0. 7.68283255E-08
0. 3.71071466E-08
0. 2.90198686E-07
0. 9.21327031E-08
0. 2.11825816E-06
0. 9.58220666E-11
0. 4.04393556E-12
0. 2.31162464E-12
0. 3.43378234E-12
0. 1.39383535E-11
0. 1.76079323E-12
0. 2.06704001E-10
0. 5.17963668E-10
0. 4.2020659E-07
0. 8.05486643E-07
0. 1.80257252E-11
0. 9.88292959E-11
0. 2.14197419E-12
0. 1.43947551E-13
0. 2.28485996E-12
0. 9.46080092E-14
0. 1.73023036E-11
0. 8.00375764E-13
0. 6.44114572E-12
0. 1.25987337E-14
0. 3.66407147E-14
0. 2.6953326E-12
0. 1.28404693E-11
0. 1.31451665E-13
0. 4.39107845E-13
0. 2.46036506E-13
0. 1.26766818E-13
0. 1.09994673E-13
0. 1.19928669E-13
0. 2.91853001E-10
0. 4.19484382E-14
0. 1.39476841E-12
0. 7.33348037E-14
0. 4.67578483E--14
0. 1.27419938E-11
0. 3.27488398E-16
0. 3.36226032E-15
0. 8.77398359E-14
0. 2.9659023E-14
0. 1.50949474E-12
0. 2.52598767E-13
2.16177256E-06 6.69577964E-06
0. 8.59501166E-21
0. 2.58100628E-18
0. 6.15251385E-18
0. 4.58393257E-14
0. 5.00713018E-13
S
11
1 1
11
1 0
11
11
11
11
111
111
101
111
111
101
001
111
0 0 1
111
1001 0 0
1 1 11 1 11111
101
111
111111011
111111011
111101111
111011111
111010001
111111101
101100111
100000000
152
!Includes 294 of 325 reactions
REGIONFLAME
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11111 1111111111111111101
11111111111 11111 1110 11
1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 1
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1
VALID RANGE T(K), species (mol/cm3)
1219.5 1705.7
0. 3.32876888E-07
0. 2.73115293E-08
0. 6.59917452E-09
0. 1.75687941E-06
0. 1.81286976E-08
0. 2.04155821E-06
0. 2.56796494E-09
0. 2.20316906E-10
0. 2.97520051E-12
0. 2.44588221E-11
0. 4.19879747E-10
0. 4.15681558E-11
0. 2.90630273E-08
0. 5.44566601E-07
0. 6.25733518E-07
0. 3.9130592E-07
0. 4.50764011E-10
0. 1.61011945E-08
0. 5.71162907E-11
0. 1.76603467E-10
0. 2.14532763E-09
0. 8.43894581E-13
0. 1.38828994E-09
0. 1.04610827E-10
0. 6.83605743E-09
0. 4.73872098E-10
0. 1.27164317E-08
0. 6.7427723E-11
0. 1.51139002E-09
0. 2.99C54411E-12
0. 4.0836266E-13
0. 2.98388237E-13
0. 3.98422516E-13
0. 7.72479974E-13
0. 3.30469418E-14
0. 1.32936532E-10
0. 7.5347433E-13
0. 7.26116543E-13
0. 1.00044988E-13
0. 1.79797443E-14
0. 3.76798007E-11
0. 2.23662492E-14
0. 5.61639138E-14
0. 8.93289806E-13
0. 3.20264841E-14
0. 6.37420327E-12
0. 2.67609406E-13
2.53464039E-06 9.54564837E-06
0. 1.20918854E-20
0. 2.81305869E-12
0. 2.11439701E-10
0. 2.47979282E-11
0. 5.65787117E-10
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111
111
1111 1 1
111
111
000
111
 1 1
1 1 1
111
111
1 0 1
111
111
001
1 0 1
1 1 1
111
111
111
111
111
111
111
111
111
111
1111 1 1
111
010
100
111
1111 1 1
1 1 1
011
111
111
101
1 1 0
1 1 1
!Includes 301 of 325 reactions
REGION_FLAME
11111111111111111111111111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11111111111111111111101111
11111111111111101111111101
10 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 01 1 1
0 0 111111111111111111111111
11000
VALID RANGE T(K), species (mol/cm3)
1645.2 1924.2
0. 2.41236696E-07
0. 6.79506636E-08
0. 2.99957585E-08
0. 6.84062174E-07
0. 7.0512584E-08
0. 2.12626759E-06
0. 9.75886491E-10
0. 1.29691823E-11
0. 1.40088081E-11
0. 4.4530932E-11
0. 4.32686567E-10
0. 4.49499248E-11
0. 1.7223495E-08
0. 7.97841529E-08
0. 6.0404196E-07
0. 6.24046951E-07
0. 4.38950254E-10
0. 6.00820967E-09
0. 5.78450041E-11
0. 2.88863024E-11
0. 3.50014927E-10
0. 1.57376043E-12
0. 1.08238281E-09
0. 1.01902111E-10
0. 2.70089814E-09
0. 1.27219175E-10
0. 9.55111394E-10
0. 7.20562813E-11
0. 8.87976728E-10
0. 3.20222482E-12
0. 1.27420354E-12
0. 4.7927584E-13
0. 3.8664803E-13
0. 5.25452041E-13
0. 1.00474553E-13
0. 2.17485663E-10
0. 9.86677448E-14
0. 1.20142385E-12
0. 1.23851388E-13
0. 7.82151667E-14
0. 3.69323392E-11
0. 2.40316748E-14
0. 6.71175772E-14
0. 7.62324373E-13
0. 6.04046071E-14
0. 5.50249256E-12
0. 5.29052979E-13
2.25194165E-06 7.3162357E-06
0. 9.35209956E-21
0. 6.38859073E-13
0. 6.67791149E-12
0. 1.2030722E-11
0. 2.33724888E-10
END
111111
111111
111111
111111
111111
100111
110111
111111
154
111
111
111
111
101
111
111
111
101
111
111
111
010
010
111
0 0 1
11
11
11
11
1 0
11
11
11
B.2 Gri-Mech 3.0 without Nitrogen chemistry
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CHEMKIN INTERPRETER OUTPUT: CHEMKIN-II Version 3.6 Apr. 1994
DOUBLE PRECISION
ELEMENTS ATOMIC
CONSIDERED WEIGHT
1. O
2. H
3. C
4. N
15.9994
1.00797
12.0112
14.0067
C
P H
H A
A R
SPECIES S G MOLECULAR TEMPERATURE ELEMENT COUNT
CONSIDERED E E WEIGHT LOW HIGH O H C N
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
H2
H
0
02
OH
H20
H02
H202
C
CH
CH2
CH2 (S)
CH3
CH4
CO
C02
HCO
CH20
CH20H
CH30
CH3OH
C2H
C2H2
C2H3
C2H4
C2H5
C2H6
HCCO
CH2CO
HCCOH
C3H7
C3H8
CH2CHO
CH3CHO
N2
2.01594
1.00797
15.99940
31.99880
17.00737
18.01534
33.00677
34.01474
12.01115
13.01912
14.02709
14.02709
15.03506
16.04303
28.01055
44.00995
29.01852
30.02649
31.03446
31.03446
32.04243
25.03027
26.03824
27.04621
28.05418
29.06215
30.07012
41.02967
42.03764
42.03764
43.08924
44.09721
43.04561
44.05358
28.01340
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
300.0
200.0
200.0
200.0
200.0
200.0
200.0
200.0
300.0
200.0
300.0
300.0
300.0
300.0
200.0
300.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3000.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
3500.0
4000.0
3500.0
5000.0
5000.0
5000.0
5000.0
6000.0
5000.0
(k = A T**b exp(-E/RT))
A b EREACTIONS CONSIDERED
1. 20+M<=>O2+M
H2
H20
CH4
CO
Enhanced by
Enhanced by
Enhanced by
Enhanced by
2.400E+00
1.540E+01
2.000E+00
1.'750E+00
1.20E+17 -1.0
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0.0
C02
C2H6
2. O+H+M<=>OH+M
H2
H20
CH4
CC)
C02
C2H6
3. O+H2<=>H+OH
4. O+HO2<=>OH+02
5. O+H202<=>OH+H02
6. O+CH<:=>H+CO
7. O+CH2<=>H+HCO
8. O+CH2(S)<=>H2+CO
9. O+CH2(S)<=>H+HCO
10. O+CH3<=>H+CH20
11. O+CH4<=>OH+CH3
12. O+CO(+M)<=>CO2(+M)
Low pressure limit:
H2.
02.
H2C
CH4
CO
C02
C2H6
13. O+HCO<=>OH+CO
14. O+HCO<=>H+C02
15. O+CH2C<=>OH+HCO
16. O+CH2CH<=>OH+CH20
17. O+CH3C<=>OH+CH20
18. O+CH3CH<=>OH+CH20H
19. O+CH3CH<=>OH+CH30
20. O+C2H<=>CH+CO
21. O+C2H2<=>H+HCCO
22. O+C2H2<=>OH+C2H
23. O+C2H2<=>CO+CH2
24. O+C2H3<=>H+CH2CO
25. O+C2H4<=>CH3+HCO
26. O+C2H5<=>CH3+CH20
27. O+C2H6<=>OH+C2H5
28. O+HCCC<=>H+2CO
29. O+CH2CO<=>OH+HCCO
30. O+CH2CO<=>CH2+C02
31. 02+CO<=>O+C02
32. 02+CH20<=>HO2-+HCO
33. H+02+-M<=>HO2+M
34.
35.
36.
37.
38.
39.
40.
41.
42.
02
H2C
CO
C02
C2H 6
N2
H+202<=>H02+02
H+024H20<=>HO2+H20
H+02t-N2<=>HO2+N2
H+02< =>O+OH
2H+M<:=>H2+M
H2
H2 0
CH4
CO2
C2H6
2H+H2<=>2H2
2H+H20<=>H2+H20
2H+CC02<=>H2+CO2
H+OH+M<=>H20+M
Enhanced by
Enhanced by
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
0.60200E+15
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
Enhanced
3.600E+00
3.000E+00
2. 000E+00
6. 000E+00
2. 000E+00
1. 500E+00
2. 000E+00
3. 000E+00
0.00000E+00
2. 000E+00
6. 000E+00
6. 00E+00
2. 000E+00
1. 500E+00
3. 500E+00
3. 000E+00
0. 000E+00
0. 000E+00
7. 500E-01
1. 500E+00
1. 500E+00
0. 000E+00
0.000E+00
0.000E+00
2.000E+00
0.000E+00
3.000E+00
5.00E+17 -1.0
3.87E+04 2.7
2.00E+13 0.0
9.63E+06 2.0
5.70E+13 0.0
8.00E+13 0.0
1.50E+13 0.0
1.50E+13 0.0
5.06E+13 0.0
1.02E+09 1.5
1.80E+10 0.0
0.30000E+04
3.00E+13 0.0
3.00E+13 0.0
3.90E+13 0.0
1.00E+13 0.0
1.00E+13 0.0
3.88E+05 2.5
1.30E+05 2.5
5.00E+13 0.0
1.35E+07 2.0
4.60E+19 -1.4
6.94E+06 2.0
3.00E+13 0.0
1.25E+07 1.8
2.24E+13 0.0
8.98E+07 1.9
1.00E+14 0.0
1.00E+13 0.0
1.75E+12 0.0
2.50E+12 0.0
1.00E+14 0.0
2.80E+18 -0.9
2.08E+19 -1.2
1.13E+19 -0.8
2.60E+19 -1.2
2.65E+16 -0.7
1.00E+18 -1.0
9.00E+16
6.00E+19
5.50E+20
2.20E+22
-0.6
-1.2
-2.0
-2.0
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0.0
6260.0
0.0
4000.0
0.0
0.0
0.0
0.0
0.0
8600.0
2385.0
0.0
0.0
3540.0
0.0
0.0
3100.0
5000.0
0.0
1900.0
28950.0
1900.0
0.0
220.0
0.0
5690.0
0.0
8000.0
1350.0
47800.0
40000.0
0.0
0.0
0.0
0.0
17041.0
0.0
0.0
0.0
0.0
0.0
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
C2H6 Enhanced by
43. H+H02<=>O+H20
44. H+H02<=>02+H2
45. H+HO2<=>20H
46. H+H202<=>HO2+H2
47. H+H202<=>OH+H20
48. H+CH<=>Ci-H2
49. H+CH2(+M)<=>CH3(+M)
Low pressure limit: 0.10400E+27
TROE centering: 0.56200E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
50. H+CH2(S)<=>CH+H2
51. H+CH3(+M)<=>CH4(+M)
Low pressure limit: 0.26200E+34
TROE centering: 0.78300E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
52. H+CH4<=>CH3+H2
53. H+HCO(+M)<=>CH20(+M)
Low pressure limit: 0.24700E+25
TROE centering: 0.78240E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
54. H+HCO<=>H2+CO
55. H+CH20(+M)<=>CH20H(+M)
Low pressure limit: 0.12700E+33
TROE centering: 0.71870E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
56. H+CH20(+M)<=>CH30(+M)
Low pressure limit: 0.22000E+31
TROE centering: 0.75800E+00
H2
H20
Enhanced by
Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
57. H+CH20<=>HCO+H2
58. H+CH20H(+M)<=>CH30H(+M)
Low pressure limit: 0.43600E+32
TROE centering: 0.60000E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
7.300E-01
3.650E+00
2.000E+00
3.000E+00
-0.27600E+01
0.91000E+02
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3.000E+00
-0.47600E+01
0.74000E+02
2. 000E+00
6. 000E+00
3. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
-0.25700E+01
0.27100E+03
2. 000E+00
6.000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
-0.48200E+01
0.10300E+03
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3.000E+00
-0.48000E+01
0.94000E+02
2. 000E+00
6. 000E+00
2. 000E+00
1. 500E+00
2.000E400
3. 000E+00
-0.46500E+01
0.10000E+03
2. 000E+00
6.000E+00
2. 000E+00
1. 500E+00
2. 000E+00
3. 000E+00
3.97E+12
4.48E+13
8.40E+13
1.21E+07
1.00E+13
1.65E+14
6.00E+14
0.16000E+04
0.58360E+04
3.00E+13
1.39E+16 -(
0.24400E+04
0.29410E+04
6.60E+08
1.09E+12
0.42500E+03
0.27550E+04
7.34E+13
5.40E+11
0.65300E+04
0.12910E+04
5.40E+11
0.55600E+04
0.15550E+04
0.0
0.0
0.0
2.0
0.0
0.0
0.0
671.0
1068.0
635.0
5200.0
3600.0
0.0
0.0
0.85520E+04
0.0
0.5
0.0
536.0
0.69640E+04
1.6 10840.0
0.5 -260.0
0.65700E+04
0.0
0.5
0.0
3600.0
0.41600E+04
0.5
5.74E+07 1i.
1.06E+12 0.
0.50800E+04
0.90000E+05
2600.0
0.42000E+04
9 2742.0
5 86.0
0.10000E+05
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59. H+CH20H<=>H2+CH20
60. H+CH2OH<=>OH+CH3
61. H+CH20H<=>CH2(S)+H20
62. H+CH30(+M)<=>CH30H(+M)
Low pressure limit: 0.46600E+42
TROE centering: 0.70000E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CC2 Enhanced by
C2H6 Enhanced by
63. H+CH30<=>H+CH20H
64. H+CH30<=>H2+CH20
65. H+CH30<=>OH+CH3
66. H+CH30<=>CH2(S)+H20
67. H+CH3OH<=>CH20H+H2
68. H+CH3OH<=>CH30+H2
69. H+C2H(+M)<=>C2H2(+M)
Low pressure limit: 0.37500E+34
TROE centering: 0.64640E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CC) Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
70. H+C2H2(+M)<=>C2H3(+M)
Low pressure limit: 0.38000E+41
TROE centering: 0.75070E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
71. H+C2RH3(+M)<=>C2H4(+M)
Low pressure limit: 0.14000E+31
TROE centering: 0.78200E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
72. H+C2H3<=>H2+C2H2
73. H+C2H4(+M)<=>C2H5(+M)
Low pressure limit: 0.60000E+42
TROE centering: 0.97530E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
74. H+C2H4<=>C2H3+H2
75. H+C25 (+M)<=>C2H6(+M)
Low pressure limit: 0.19900E+42
TROE centering: 0.84220E+00
H2 Enhanced by
H20 Enhanced by
CE4 Enhanced by
CC Enhanced by
C02 Enhanced by
C2H6 Enhanced by
76. H+C2H5<=>H2+C2H4
77. H+C2H6<=>C2H5+H2
78. H+HCCO<=>CH2(S)+CO
2.00E+13 0.0
-0.74400E+01
0.10000E+03
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
-0.48000E+01
0.13200E+03
2. 000E+00
6. 00E+00
2. 000E+00
1. 500E+00
2. 000E+00
3. 000E+00
-0.72700E+01
0.98500E+02
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3.000E+00
-0.38600E+01
0.20750E+03
2. 000E+00
6.000E+00
2. 000E+00
1. 500E+00
2. 000E+00
3.000E+00
-0.76200E+01
0.21000E+03
2. 000E+00
6. 000E+00
2. 000E+00
1.500E+00
2. 000E+00
3. 000E+00
-0.70800E+01
0.12500E+03
2. 000E+00
6. 000E+00
2. 000E+00
1. 500E+00
2. 000E+00
3. 000E+00
1.65E+ll
3.28E+13 -
2.43E+12
0.14080E+05
0.90000E+05
4. 15E+07
2. 00E+13
1.50E+12
2.62E+14
1.70E+07
4.20E+06
1.00E+17
0.19000E+0
0.13150E+0
5.60E+12
0.72200E+04
0.13020E+04
6.08E+12
0.33200E+04
0.26630E+04
3.00E+13
5.40E+1l
0.69700E+04
0.98400E+03
1.32E+06
5.21E+17 -
0.66850E+04
0.22190E+04
2.00E+12
1.15E+08
1.00E+14
0.7
0.1
0.5
0.0
-284.0
610.0
50.0
0.10000E+05
1.6
0.0
0.5
-0.2
2.1
2.1
L. u
1924.0
0.0
-110.0
1070.0
4870.0
4870.0
0.0
0.55660E+04
0.0 2400.0
0.41670E+04
0.3 280.0
0.60950E+04
0.0
0.5
0.0
1820.0
0.43740E+04
2.5
1.0
12240.0
1580.0
0.68820E+04
0.0
1.9
0.0
0.0
7530.0
0.0
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79. H+CH2CO<=>HCCO+H2
80. H+CH2CO<=>CH3+CO
81. H+HCCOH<=>H+CH2CO
82. H2+CO(+M)<=>CH20(+M)
Low pressure limit: 0.50700E+28
TROE centering: 0.93200E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO2 Enhanced by
C2H6 Enhanced by
83. OH+H2<=>H+H20
84. 20H(+M)<=>H202(+M)
Low pressure limit: 0.23000E+19
TROE centering: 0.73460E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
85. 20H<=>O+H20
86. OH+HO2<=>02+H20
Declared duplicate reaction...
87. OH+H202<=>HO2+H20
Declared duplicate reaction...
88. OH+H202<=>HO2+H20
Declared duplicate reaction...
89. OH+C<=>H+CO
90. OH+CH<=>H+HCO
91. OH+CH2<=>H+CH20
92. OH+CH2<=>CH+H20
93. OH+CH2(S)<=>H+CH20
94. OH+CH3(+M)<=>CH30H(+M)
Low pressure limit: 0.40000E+37
TROE centering: 0.41200E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
CO02 Enhanced by
C2H6 Enhanced by
95. OH+CH3<=>CH2+H20
96. OH+CH3<=>CH2(S)+H20
97. OH+CH4<=>CH3+H20
98. OH+CO<=>H+C02
99. OH+HCO<=>H20+CO
100. OH+CH20<=>HCO+H20
101. OH+CH20H<=>H20+CH20
102. OH+CH30<=>H20+CH20
103. OH+CH3OH<=>CH20H+H20
104. OH+CH30H<=>CH30+H20
105. OH+C2H<=>H+HCCO
106. OH+C2H2<=>H+CH2CO
107. OH+C2H2<=>H+HCCOH
108. OH+C2H2<=>C2H+H20
109. OH+C2H2<=>CH3+CO
110. OH+C2H3<=>H20+C2H2
111. OH+C2H4<=>C2H3+H20
112. OH+C2H6<=>C2H5+H20
113. OH+CH2CO<=>HCCO+H20
114. 2HO2<=>02+H202
Declared duplicate reaction...
115. 2HO2<=>02+H202
Declared duplicate reaction...
116. HO2+CH2<=>OH+CH20
117. HO2+CH3<=>02+CH4
-0.34200E+01
0.19700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.90000E+00
0.94000E+02
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.59200E+01
0.19500E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
5.00E+13
1.13E+13
1.00E+13
4.30E+07
0.84350E+05
0.15400E+04
2.16E+08
7.40E+13 -(
-0.17000E+04
0.17560E+04
0.0
0.0
0.0
1.5
8000.0
3428.0
0.0
79600.0
0.10300E+05
1.5
0.4
3430.0
0.0
0.51820E+04
3.57E+04 2.4 -2110.0
1.45E+13 0.0 -500.0
2.00E+12 0.0 427.0
1.70E+18 0.0 29410.0
5.00E+13 0.0 0.0
3.00E+13 0.0 0.0
2.00E+13 0.0 0.0
1.13E+07 2.0 3000.0
3.00E+13 0.0 0.0
2.79E+18 -1.4 1330.0
0.31400E+04
0.59000E+04 0.63940E+04
5.60E+07
6.44E+1'7
1.00E+08
4.76E+07
5.00E+13
3.43E+09
5.00E+12
5.00E+12
1.44E+06
6.30E+06
2.00E+13
2.18E-04
5.04E+05
3.37E+07
4.83E-04
5.00E+12
3.60E+06
3.54E+06
7.50E+12
1.30E+11
1.6
-1.3
1.6
1.2
0.0
1.2
0.0
0.0
2.0
2.0
0.0
4.5
2.3
2.0
4.0
0.0
2.0
2.1
0.0
0.0
5420.0
1417.0
3120.0
70.0
0.0
-447.0
0.0
0.0
-840.0
1500.0
0.0
-1000.0
13500.0
14000.0
-2000.0
0.0
2500.0
870.0
2000.0
-1630.0
4.20E+14 0.0 12000.0
2.00E+13 0.0
1.00E+12 0.0
0.0
0.0
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118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
HO02+CH3<=>OH+CH30
H02+CO<=>OH+C02
HO02+CH20<=>HCO+H202
C+O2<=>O+CO
C+CH2<=>H+C2H
C+CH3<=>H+C2H2
CH+02<=>O+HCO
CH+H2<=>H+CH2
CH+H20<=>H+CH20
CH+CH2<=>H+C2H2
CH+CH3<=>H+C2H3
CH+CH4<=>H+C2H4
CH+CO(+M)<=>HCCO(+M)
Low pressure limit: 0
TROE centering: 0
H2 En
H20 En
CH4 En
CO En
C02 En
C2H6 En
CH+CO2<=>HCO+CO
CH+CH20<=>H+CH2CO
CH+HCCO<=>CO+C2H2
CH2+02=>OH+H+CO
CH2+H2<=>H+CH3
2CH2<=>H2+C2H2
CH2+CH3<=>H+C2H4
CH2+CH4<=>2CH3
CH2+CO(+M)<=>CH2CO(+M)
Low pressure limit: 0
TROE centering: 0
H2 En
H20 En
CH4 En
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
CH2+HCCO<=>C2H3+CO
CH2(S)+N2<=>CH2+N2
CH2(S)+02<=>R+OH+ CO
CH2(S)+O2<=>CO+H20
CH2(S)+H2<=>CH3+H
CH2(S)+H20(+M)<=>CH30H(+M)
Low pressure limit: 0.18800E+39
TROE centering: 0.60270E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
CH2(S)+H20<=>CH2+H20
CH2(S)+CH3<=>H+C2H4
CH2(S)+CH4<=>2CH3
CH2(S)+CO<=>CH2+CO
CH2(S)+CO2<=>CH2+CO2
CH2(S)+CO2<=>CO+CH20
CH2(S)+C2H6<=>CH3+C2H5
CH3+02<=>O+CH30
CH3+O2<=>OH+CH20
CH3+H202<=>HO2+CH4
2CH3(+M)<=>C2H6(+M)
Low pressure limit: 0.34000E+42
TROE centering: 0.61900E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
.26900E+29
.57570E+00
hanced by
hanced by
hanced by
hanced by
hanced by
hanced by
.26900E+34
.59070E+00
hanced by
hanced by
hanced by
3.78E+13
1.50E+14
5.60E+06
5.80E+13
5.00E+13
5.00E+13
6.71E+13
1.08E+14
5.71E+12
4.00E+13
3.00E+13
6.00E+13
5.00E+13
0.19360E+04
0.16520E+04
1.90E+1.4
9.46E+13
5.00E+13
5.00E+12
5.00E+05
1.60E+15
4.00E+13
2.46E+06
8.10E+11
0.70950E+04
0.12260E+04
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
23600.0
12000.0
576.0
0.0
0.0
0.0
3110.0
-755.0
0.0
0.0
0.0
0.0
0.50690E+04
0.0
0.0
0.0
0.0
2.0
0.0
0.0
2.0
0.5
-0.37400E+01
0.23700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.51100E+01
0.27500E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.63600E+01
0.20800E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.70300E+01
0.73200E+02
2.000E+00
6.000E+00
2.000E+00
15792.0
-515.0
0.0
1500.0
7230.0
11944.0
0.0
8270.0
4510.0
0.51850E+04
0 0.0
0 600.0
0 0.0
0 0.0
0 0.0
2 1145.0
0.10180E+05
3.00E+13 0.0 0.0
1.20E+13 0.0 -570.0
1.60E+13 0.0 -570.0
9.00E+12 0.0 0.0
7.00E+12 0.0 0.0
1.40E+13 0.0 0.0
4.00E+13 0.0 -550.0
3.56E+13 0.0 30480.0
2.31E+12 0.0 20315.0
2.45E+04 2.5 5180.0
6.77E+16 -1.2 654.0
0.27620E+04
0.11800E+04 0.99990E+04
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3.00E+13 0.
1.50E+13 0.
2.80E+13 0.
1.20E+13 0.
7.00E+13 0.
4.82E+17 -1.
0.50400E+04
0.39220E+04
CO En
C02 En
C2H6 En
157. 2CH3<=>H+C2H5
158. CH3+HCO<=>CH4+CO
159. CH3+CH20<=>HCO+CH4
160. CH3+CH30H<=>CH20H+CH4
161. CH3+CH30H<=>CH30+CH4
162. CH3+C2H4<=>C2H3+CH4
163. CH3+C2H6<=>C2H5+CH4
164. HCO+H20<=>H+CO+H20
165. HCO+M<=>H+CO+M
H2 En
H20 En
CH4 En
CO En
CO2 En
C2H6 En
166. HCO+02<=>HO2+CO
167. CH20H+O2<=>HO2+CH20
168. CH30+O2<=>HO2+CH20
169. C2H+O2<=>HCO+CO
170. C2H+H2<=>H+C2H2
171. C2H3+O2<=>HCO+CH20
172. C2H4(+M)<=>H2+C2H2(+M)
Low pressure limit: 0
TROE centering: 0
H2 En
H20 En
CH4 En
CO En
CO2 En
C2H6 En
173. C2H5+02<=>HO2+C2H4
174. HCCO+02<=>OH+2CO
175. 2HCCO<=>2CO+C2H2
176. O+CH3=>H+H2+CO
177. O+C2H4<=>H+CH2CHO
178. O+C2H5<=>H+CH3CHO
179. OH+HO2<=>O2+H20
Declared duplicate rea
180. OH+CH3=>H2+CH20
181. CH+H2(+M)<=>CH3(+M)
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
Low pressure limit:
TROE centering:
H2
H20
CH4
CO
C02
0
En
En
En
En
En
hanced by
hanced by
hanced by
hanced
hanced
hanced
hanced
hanced
hanced
.15800E+52
).73450E+00
ihanced by
hanced by
hanced by
hanced by
hanced by
hanced by
Lction...
.48200E+26
].57800E+00
thanced by
hanced by
hanced by
hanced by
Lhanced by
C2H6 Enhanced by
CH2+02=>2H+CO2
CH2+02<=>O+CH20
CH2+CH2=>2H+C2H2
CH2(S)+H20=>H2+CH20
C2H3+02<=>O+CH2CHO
C2H3+02<=>HO2+C2H2
O+CH3CHO<=>OH+CH2CHO
O+CH3CHO=>OH+CH3+CO
02+CH3CHO=>HO2+CH3+CO
H+CH3CHO<=>CH2CHO+H2
H+CH3CHO=>CH3+H2+CO
OH+CH3CHO=>CH3+H20+CO
HO2+CH3CHO=>CH3+H202+CO
CH3+CH3CHO=>CH3+CH4+CO
H+CH2CO(+M)<=>CH2CHO(+M)
Low pressure limit: 0.10120E+43
TROE centering: 0.46500E+00
1.500E+00
2.000E+00
3.000E+00
2.000E+00
0.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.93000E+01
0.18000E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.28000E+01
0.12200E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.76300E+01
0.20100E+03
6.84E+12
2.65E+13
3.32E+03
3.00E+07
1.00E+07
2.27E+05
6.14E+06
1.50E+18
1. 87E+17
0.1
0.0
2.8
1.5
1.5
2.0
1.7
-1.0
-1.0
10600.0
0.0
5860.0
9940.0
9940.0
9200.0
10450.0
17000.0
17000.0
1.34E+13 0.0 400.0
1.80E+13 0.0 900.0
4.28E-13 7.6 -3530.0
1.00E+13 0.0 -755.0
5.68E+10 0.9 1993.0
4.58E+16 -1.4 1015.0
8.00E+12 0.4 86770.0
0.97800E+05
0.10350E+04 0.54170E+04
8.40E+11
3.20E+12
1.00E+13
3.37E+13
6.70E+06
1.10E+14
5.00E+15
8.00E+09
1.97E+12
0.59000E+03
0.25350E+04
5.80E+12
2.40E+12
2.00E+14
6.82E+10
3.03E+11
1.34E+06
2.92E+12
2.92E+12
3.01E+13
2.05E+09
2.05E+09
2.34E+10
3.01E+12
2.72E+06
4.86E+11
0.38540E+04
0.17730E+04
0.0
0.0
0.0
0.0
1.8
0.0
0.0
3875.0
854.0
0.0
0.0
220.0
0.0
17330.0
0.5 -1755.0
0.4 -370.0
0.93650E+04
0.0
0.0
0.0
0.2
0.3
1.6
0.0
0.0
0.0
1.2
1.2
0.7
0.0
1.8
0.4
1500.0
1500.0
10989.0
-935.0
11.0
-384.0
1808.0
1808.0
39150.0
2405.0
2405.0
-1113.0
11923.0
5920.0
-1755.0
0.53330E+04
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H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
O+CH2CHO=>H+CH2+CO2
02+CH2CHO=>OH+CO+CH20
02+CH2CHO=>OH+2HCO
H+CH2CHO<=>CH3+HCO
H+CH2CHO<=>CH2CO+H2
OH+CH2CHO<=>H20+CH2CO
OH+CH2CHO<=>HCO+CH20H
CH3+C2H5(+M)<=>C3H8(+M)
Low pressure limit: 0.27100E+75
TROE centering: 0.15270E+00
H2 Enhanced by
H20 Enhanced by
CH4 Enhanced by
CO Enhanced by
C02 Enhanced by
C2H6 Enhanced by
O+C3H8<=>OH+C3H7
H+C3H8<=>C3H7+H2
OH+C3H8<=>C3H7+H20
C3H7+H202<=>HO2+C3H8
CH3+C3H8<=>C3H7+CH4
CH3+C2H4(+M)<=>C3H7(+M)
Low pressure limit: 0.30000E+64
TROE centering: 0.18940E+00
H2 Enhanced by
H20 Enhanced by
CH4 E
CO E
C02 E
C2H6 E
211. O+C3H7<=>C2H5+CH20
212. H+C3H7(+M)<=>C3H8(+M)
nhanced by
nhanced by
nhanced by
nhanced by
Low oressure limit: 0.44200E+62
TROE centering: 0.31500E+00
H2 Enhanced by
H20 Enhanced by
CH4 Eni
CO Eni
CO02 Eni
C2H6 Eni
H+C3H7<=>CH3+C2H5
OH+C3H7<=>C2H5+CH20H
HO2+C3H7<=>02+C3H8
H02+C3H7=>OH+C2H5+CH20
CH3+C3H7<=>2C2H5
hanced by
hanced by
hanced by
hanced by
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
1.50E+14
1.81E+10
2.35E+10
2.20E+13
1.10E+13
1.20E+13
3.01E+13
9.43E+12
0.13065E+05
0.27420E+04
1.93E+05
1.32E+06
3.16E+07
3.78E+02
9.03E-01
2.55E+06
0.18170E+05
0.87480E+04
9.64E+13
3.61E+13
0.11357E+05
0.32850E+04
4.06E+06
2.41E+13
2.55E+10
2.41E+13
1.93E+13 -t
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.77480E+04
2.7
2.5
1.8
2.7
3.6
1.6
3716.0
6756.0
934.0
1500.0
7154.0
5700.0
0.78910E+04
0.0
0.0
0.0
0.0
0.66670E+04
2.2
0.0
0.3
0.0
0.3
890.0
0.0
-943.0
0.0
0.0
NOTE: A units mole-cm-sec-K, E units cal/mole
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-0.16820E+02
0.29100E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.14600E+02
0.27700E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
-0.13545E+02
0.36900E+03
2.000E+00
6.000E+00
2.000E+00
1.500E+00
2.000E+00
3.000E+00
213.
214.
215.
216.
217.
B.2.1 Reduced-model library used in 2-D methane/air Adap-
tive Chemistry simulation
Shown below is the library of reduced models used in the 2-D partially premixed
flame Adaptive Chemistry simulation presented in §5.2. The reference full-chemistry
model is shown above.
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!Includes 0 of 217 reactions
REGION_FLAME
0000000000000000000
0000000000000000000
0000000000000000000
0000000000000000000
0000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
297. 350.33
0. 5.39868156E-07
0. 2.09583188E-18
0. 7.24681695E-17
0. 1.58263124E-05
0. 6.86034882E-16
0. 1.48735745E-08
0. 2.45859038E-12
0. 1.26751271E-12
0. 1.75881206E-19
0. 1.62264082E-19
0. 1.32684993E-18
0. 1.50603979E-19
0. 4.36418553E-13
0. 1.94389391E-05
0. 3.15797574E-09
0. 9.48231937E-10
0. 7.27995631E-20
0. 3.08169515E-11
0. 6.80706409E-20
0. 5.22C01584E-15
0. 2.96676172E-12
0. 8.43992316E-20
0. 5.78166303E-11
0. 7.81C83768E-20
0. 6.98174295E-11
0. 1.83908236E-18
0. 5.18770167E-11
0. 5.14879981E-20
0. 5.1121699E-12
0. 2.45791991E-14
0. 5.45904794E-17
0. 2.16205363E-13
0. 2.5835496E-19
0. 1.41806811E-13
1.14005813E-05 3.46863831E-05
!Includes 0 of 217 reactions
~EYrTTNh rYUTATCT
0000000000
0000000000
0000000000
0000000000
0000000000
VALID RANGE T(K),
297. 350.23
0. 5.93261406E-10
0. 1.11164183E-17
0. 3.61578894E-13
0. 1.70725147E-05
0. 4.40468705E-13
0. 1.46723854E-08
0. 4.66943924E-13
0. 9.0498341E-13
0. 1.960735E-19
0. 1.80893043E-19
0. 1.67894284E--19
0. 1.67894284E-19
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
0000000
species (mol/cm3)
165
0. 1.56638433E-19
0. 3.87921179E-17
0. 9.21709284E-11
0. 1.28989404E-09
0. 8.11574213E-20
0. 2.55376108E-19
0. 7.58855884E-20
0. 7.58855884E-20
0. 4.22645408E-19
0. 9.40888063E-20
0. 4.53136741E-18
0. 8.70757209E-20
0. 8.39471422E-20
0. 8.10355821E-20
0. 7.83192167E-20
0. 5.73991515E-20
0. 1.66427157E-19
0. 2.28813353E-19
0. 5.46555994E-20
0. 5.34062868E-20
0. 5.47109972E-20
0. 5.34591797E-20
1.60489308E-05 4.84536963E-05
!Includes 0 of 217 reactions
REGION FLAME
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000 0 0 0 0 0 0 0 0 0 0 0 0 000000000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
297. 442.88
0. 3.02051423E-09
0. 2.01818103E-15
0. 1.60177334E-11
0. 1.58763268E-05
0. 2.62703441E-11
0. 4.64640267E-07
0. 3.1987598E-11
0. 3.55699505E-11
0. 1.83365265E-19
0. 1.69168708E-19
0. 1.57012447E-19
0. 1.57012447E-19
0. 6.7326697E-19
0. 3.95453547E-15
0. 3.50053817E-09
0. 7.13833894E-08
0. 7.58973144E-20
0. 5.55570597E-17
0. 7.09671682E-20
0. 1.05999675E-19
0. 8.5895298E-17
0. 8.79905694E-20
0. 6.22305286E-18
0. 8.14320276E-20
0. 2.18303734E-18
0. 7.57833721E-20
0. 7.32430642E-20
0. 5.36789042E-20
0. 2.05815209E-18
0. 6.53841533E-19
0. 5.11131718E-20
0. 4.99448316E-20
0. 5.1164979E-20
0. 4.99942964E-20
1.21859297E-05 4.62199639E-05
166
!Includes 0 of 217 reactions
REGIONFLAME
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
VALID RANGE T(K), species (mol/cm3)
297. 445.8
0. 1.67049699E-06
0. 1.73737467E-16
0. 3.22374664E-15
0. 1.46162589E-05
0. 2.51533624E-13
0. 5.3138408E-07
0. 6.64183387E-11
0. 7.69574178E-11
0. 1.63410198E-19
0. 1.50758608E-19
0. 1.33999614E-17
0. 2.09334768E-18
0. 1.42691034E-11
0. 1.78441357E-05
0. 1.43647076E-07
0. 3.85882746E-08
0. 1.88613488E-17
0. 1.76953211E-09
0. 9.55599008E-18
0. 3.11461174E-12
0. 2.89475161E-10
0. 7.84148316E-20
0. 5.00032835E-09
0. 3.64337614E-18
0. 4.4350332E-09
0. 5.62903604E-15
0. 2.22229635E-09
0. 1.89404386E-18
0. 4.29772301E-10
0. 1.33466534E-12
0. 6.87685897E-15
0. 1.20832038E-11
0. 1.18950893E-17
0. 5.98823011E-12
8.47498842E-06 3.29397895E-05
!Includes 0 of 217 reactions
REGIONFLAME
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0000000000000000000000000000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00000000000000000
VALID RANGE T(K), species (mol/cm3)
312.08 511.42
0. 6.04173317E-09
0. 1.17960924E-13
0. 8.04181247E-11
0. 1.29464715E-05
0. 1.56495955E-10
0. 7.51156527E-07
0. 1.78235131E-10
0. 1.1936204E-10
0. 1.52577758E-19
0. 1.4076484E-19
0. 1.30649647E-19
0. 1.30649647E-19
0. 1.10346075E-17
167
0. 2.81148572E-14
0. 1.11887821E-08
0. 1.78644864E-07
0. 7.30416244E-20
0. 4.75099343E-16
0. 5.90515952E-20
0. 5.51950487E-18
0. 6.72934475E-16
0. 7.32167229E-20
0. 6.32315631E-17
0. 6.77593774E-20
0. 2.2931804E-17
0. 6.30591459E-20
0. 1.73741145E-19
0. 4.4666076E-20
0. 2.38240268E-17
0. 2.32962421E-18
0. 4.25311367E-20
0. 4.15589639E-20
0. 4.25742453E-20
0. 1.30938083E-19
1.03368262E-05 3.83136717E-05
!Includes 3 of 217 rea
REGION FLAME
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
VALID RANGE T(K), species (mol
297. 595.63
0. 1.76774518E-06
0. 4.62997168E-13
0. 1.47178899E-13
0. 1.19158769E-05
0. 4.94060179E-12
0. 1.10733259E--06
0. 3.84203491E-10
0. 1.89515404E-10
0. 1.36719555E-19
0. 1.26134415E-19
0. 7.75788249E-16
0. 7.08731713E-17
0. 2.90970141E-10
0. 1.43946453E-05
0. 3.33372624E-07
0. 1.95650414E-07
0. 4.83629061E-15
0. 6.07561441E-09
0. 5.65635468E-17
0. 1.08594938E-10
0. 9.04447451E-10
0. 6.56069265E-20
0. 1.43633449E-08
0. 1.98465742E-16
0. 1.38744823E-08
0. 7.25149443E-13
0. 1.31112683E-08
0. 8.9599132E-16
0. 1.59647157E-09
0. 7.34632683E-12
0. 2.62707194E-13
0. 1.217043E-10
0. 1.43630992E-13
0. 5.11160082E-11
6.09155225E-06 2.79886006E-05
!Includes 3 of
000000000000000000010000
000000000001000000000000
100000000000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
000000000000000000000000
0
/cm3)
217 reactions
168
ctions
REGIONFLAME
0000000000000000000
0000000000000000000
0000010000000000000
0000000000000000000
0000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
412.27 611.29
0. 9.96636923E-09
0. 4.81782125E-12
0. 2.64400703E-10
0. 9.88457075E-06
0. 5.74286095E-10
0. 1.0262107E-06
0. 6.60445193E-10
0. 2.35789505E-10
0. 1.20384165E-19
0. 1.11C63749E-19
0. 1.03C8284E-19
0. 1.03C8284E-19
0. 1.10228586E-16
0. 1.08882999E-13
0. 2.17809298E-08
0. 2.74317409E-07
0. 3.95416464E-18
0. 2.04C27046E-15
0. 4.65918302E-20
0. 7.9483556E-17
0. 2.64149898E-15
0. 5.77681451E-20
0. 3.11148944E-16
0. 5.34622882E-20
0. 1.15350131E-16
0. 4.97537959E-20
0. 8.59C28886E-19
0. 3.52416259E-20
0. 1.25762312E-16
0. 1.60215491E-17
0. 3.35571544E-20
0. 3.2790108E-20
0. 1.33808167E-19
0. 9.9016435E-19
8.4477542E-06 3.00412988E-05
!Includes 7 of 217 reactions
REGION_FLAME
0001000000
0000100000
0000010000
0000000000
0000000000
0000000000
VALID RANGE T(K),
512.29 712.03
0. 1.2745292E-08
0. 4.16867833E-11
0. 5.33840375E-10
0. 7.86305832E-06
0. 1.21418576E-09
0. 1.20548539E-06
0. 1.30946842E-09
0. 3.1478425E-10
0. 9.93577054E-20
0. 9.16652053E-20
0. 8.5078253E-20
0. 7.15855115E-19
0. 4.19709214E-16
0. 2.17671112E-13
000000000000010010000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000000111 10000
000000000000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
0000000
species (mol/cm3)
169
0. 2.99058237E-08
0. 3.61949859E-07
0. 4.98524869E-17
0. 4.53080365E-15
0. 1.65153883E-19
0. 2.77697049E-16
0. 5.2412894E-15
0. 4.76782834E-20
0. 7.00656323E-16
0. 4.41244932E-20
0. 2.6348155E-16
0. 9.06773732E-20
0. 1.99892094E-18
0. 1.0595613E-19
0. 2.98432697E-16
0. 3.38986948E-17
0. 2.76960168E-20
0. 2.70629438E-20
0. 1.05533606E-18
0. 3.00934943E-18
7.14238599E-06 2.46517687E-05
!Includes 11 of 217 reactions
REGIONFLAME
0001000000000000000
0001100000000000000
0010010000000000010
0000000000000000000
0000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
612.67 811.56
0. 1.6340113E-08
0. 3.22520909E-10
0. 1.22180047E-09
0. 6.42527705E-06
0. 2.89526622E-09
0. 1.32274481E-06
0. 2.16323083E-09
0. 3.85728962E-10
0. 8.4663766E-20
0. 7.81089042E-20
0. 3.014715E-18
0. 7.24960915E-20
0. 1.63334116E-15
0. 4.40468277E-13
0. 4.08466473E-08
0. 4.52916004E-07
0. 5.67211462E-16
0. 1.02506423E-14
0. 1.10106412E-18
0. 7.35620159E-16
0. 1.01710845E-14
0. 4.06271764E-20
0. 1.61674286E-15
0. 4.63947839E-20
0. 6.21140759E-16
0. 6.50005498E-19
0. 4.87483467E-18
0. 9.17621886E-19
0. 7.68714634E-16
0. 8.35012197E-17
0. 2.36000728E-20
0. 2.30606245E-20
0. 8.33791475E-18
0. 9.87515344E-18
6.15940912E-06 2.09295439E-05
!Includes 13 of 217 reactions
REGION_FLAME
000000000000011111000
0000000000000000000O0
00000000000000000000
00000000000000000000
00000000000000000000
170
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
496.5 792.66
0. 1.75141258E-06
0. 7.64848047E-12
0. 6.0142447E-13
0. 6.92964512E-06
0. 9.78C49339E-12
0. 1.70646163E-06
0. 5.66468881E-10
0. 3.16364536E-10
0. 8. 833334715E-20
0. 8.14944927E-20
0. 5.28812372E-15
0. 4.91868077E-16
0. 7.77103135E-10
0. 8.13770339E-06
0. 5.58809149E-07
0. 3.21512898E-07
0. 2.96188083E-14
0. 9.9745659E-09
0. 5.13556978E-16
0. 1.58844499E-10
0. 1.84463778E-09
0. 8.5369403E-18
0. 2.664379E-08
0. 4.89890161E-15
0. 2.4385013E-08
0. 3.83446E-12
0. 2.15044691E-08
0. 5.53366764E-15
0. 3.13019899E-09
0. 1.29E4679E-11
0. 6.41834585E-13
0. 2.05956443E-10
0. 2.089253E-12
0. 8.12490413E-11
4.44377562E-06 1.81162061E-05
Includes 16 of 217 reactions
1000000100000000000
Includes 16 of 217 reactions
REGION FLA-ME
0011000000
0111100000
001111 00 0 1 1 0 0 0 0 0 0
0000000000
0000000000
VALID RANGE T(K),
712.97 911.53
0. 2.10172256E-08
0. 1.98615113E-09
0. 3.33949123E-09
0. 5.35001867E-06
0. 7.15398131E-09
0. 1.40578402E-06
0. 2.40023718E-09
0. 4.01696424E-10
0. 7.36590861E-20
0. 1.08565648E-19
0. 4.30793339E-17
0. 3.28654752E-18
0. 7.18320269E-15
0. 9.17897775E-13
0. 5.64133549E-08
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0000 0 0 000000 0
000000000000000000000011111000
000000000000000000000000000000
000000010000000000000000000000
000000000000000000000000000000
000000000000000000000000000000
0000000
species (mol/cm3)
171
!
0. 5.34767159E-07
0. 5.23013642E-15
0. 2.63501658E-14
0. 9.44735077E-18
0. 1.13018505E-15
0. 1.83925535E-14
0. 3.53464159E-20
0. 4.05664055E-15
0. 6.47200289E-19
0. 1.61638164E-15
0. 3.06406441E-18
0. 1.24249252E-17
0. 1.14111467E-17
0. 2.47806222E-15
0. 1.7946503E-16
0. 2.0532512E-20
0. 2.00631818E-20
0. 4.54720882E-17
0. 3.52094925E-17
5.42190616E-06 1.81273345E-05
!Includes 18 of 217 reactions
REGION_EXHAUST
0010000000010000000
0101100000000000000
0011110100000000010
0000000000000000000
000000000000000000 1
00000000000000000
VALID RANGE T(K), species (mol/cm3)
2121.1 2222.4
0. 5.08801462E-08
0. 6.5293653E-09
0. 3.02459581E-09
0. 5.5047379E-08
0. 3.20658597E-08
0. 1.80127786E-06
0. 6.06822641E-12
0. 5.00171365E-13
0. 2.62055581E-20
0. 2.41766641E-20
0. 2.24393578E-20
0. 2.24393578E-20
0. 2.11067321E-20
0. 1.96196662E-20
0. 1.82420063E-07
0. 1.23144668E-06
0. 2.55640927E-14
0. 3.29665843E-16
0. 1.01422385E-20
0. 1.01422385E-20
0. 9.82319053E-21
0. 1.25751296E-20
0. 1.2088332E-20
0. 1.16378188E-20
0. 1.12196789E-20
0. 1.08305439E-20
0. 1.04674971E-20
0. 7.67149461E-21
0. 7.48754908E-21
0. 7.48754908E-21
0. 7.3048142E-21
0. 7.13784143E-21
0. 7.3122182E-21
0. 7.14491066E-21
1.9685332E-06 5.92981814E-06
!Includes 19 of 217 reactions
000000000000010111001
000000000000000000000
000000000000000000010
000000000000000000000
000000000000000000000
REGION_FLAME
0011000000010000000000000000000011111000
172
0111100000000000000000000000000000000000
0011110100000000010000000000000000000000
0000000000000000000000000000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
1017.4 1216.2
0. 1.20833034E-08
0. 2.80356369E-09
0. 7.83384799E-09
0. 3.24130023E-06
0. 8.97591915E-09
0. 1.57014186E-06
0. 9.13989561E-10
0. 1.24861533E-10
0. 5.28544912E-20
0. 4.8762376E-20
0. 4.61044131E-17
0. 2.22387921E-18
0. 5.77303641E-16
0. 2.43178468E-14
0. 3.67294144E-08
0. 7.53263789E-07
0. 5.2468906E-15
0. 1.37727643E-15
0. 9.93786708E-19
0. 8.52125695E-18
0. 3.66298278E-16
0. 2.53630194E-20
0. 1.57992073E-17
0. 2.34725393E-20
0. 7.72600693E-18
0. 2.18443311E-20
0. 3.95828996E-20
0. 2.68015992E-19
0. 2.14652942E-17
0. 7.63988577E-16
0. 1.47332194E-20
0. 1.43964489E-20
0. 1.43236796E-19
0. 1.4990074E-19
3.94158897E-06 1.28455583E-05
Includes 24 of 217 reactions
REGION FLAME
0011100000
0111101000
0011111100
0000000000
VALID RANGE T(K),
915.32 1114.8
0. 2.69529408E-08
0. 8.37870815E-09
0. 1.06388713E-08
0. 3.80668433E-06
0. 1.42282435E-08
0. 1.52885834E-06
0. 1.75714739E-09
0. 2.86010616E-10
0. 5.8389892E-20
0. 3.77457187E-18
0. 4.32373786E-16
0. 4.11746965E-17
0. 3.29477258E-14
0. 2.05797168E-12
0. 8.0695373E-08
0. 6.83136914E-07
010000000000000000000011111001
000000000000000000000000000000
000000010000000000000000100000
000000000000000000000000000000
000000001000000000000000000000
0000000
species (mol/cm3)
173
!
0. 3.43514029E-14
0. 8.97877684E-14
0. 8.14898152E-17
0. 1.11537686E-15
0. 2.65283347E-14
0. 1.38626793E-19
0. 1.32418343E-14
0. 1.11480638E-17
0. 5.55014817E-15
0. 1.01016448E-17
0. 2.7261934E-17
0. 1.91780803E-16
0. 1.19115059E-14
0. 5.80902369E-16
0. 1.62762155E-20
0. 1.59041753E-20
0. 1.91718395E-16
0. 1.46563337E-16
4.34911224E-06 1.42512612E-05
!Includes 27 of 217 reactions
REGION_FLAME
1111100000010000000
0111110000000000000
0011110100000000010
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0001000000000000001
00000000000000000
VALID RANGE T(K), species (mol/cm3)
1218.2 1417.5
0. 2.51828292E-08
0. 1.6456832E--08
0. 2.81387435E-08
0. 2.35905916E-06
0. 2.68490807E-08
0. 1.63640745E-06
0. 5.91231471E-10
0. 4.34626377E-11
0. 4.46204456E-20
0. 1.76572853E-17
0. 6.00744508E-16
0. 6.324828E-17
0. 2.38220356E-14
0. 4.32966468E-13
0. 8.67214071E-08
0. 8.82886212E-07
0. 7.12584895E-14
0. 4.11538698E-14
0. 9.36887371E-17
0. 9.43635427E-17
0. 2.8757473E-15
0. 9.1770585E-19
0. 2.91877554E-15
0. 1.59741342E-17
0. 1.16965433E-15
0. 8.3070661E-19
0. 1.11079687E-18
0. 2.69853284E-16
0. 5.87050375E-15
0. 6.1602407E-16
0. 1.24379745E-20
0. 1.21536685E-20
0. 2.51417621E-17
0. 2.81587532E-17
3.32597306E-06 1.07362744E-05
!Includes 27 of 217 reactions
000000000000011111101
000000000000000000000
00000000000000000001O
00000000000000000000
00000000000000000000
REGION FLAME
0111000000010000000000000000001011111101
0111110000000000000000000000000000000000
174
0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
2020.8 2220.6
0. 1.20871415E-07
0. 2.60989751E-08
0. 1.40417638E-08
0. 2.76796651E-07
0. 6.18405213E-08
0. 1.9752455E-06
0. 2.73C08743E-11
0. 1.38679353E-12
0. 7.88947936E-16
0. 6.52322626E-16
0. 4.15314336E-15
0. 2.90687342E-16
0. 2.55446365E-14
0. 1.72315763E-14
0. 2.92249999E-07
0. 1.18274679E-06
0. 1.66748109E-13
0. 1.14637603E-14
0. 1.79C033691E-16
0. 7.46533769E-18
0. 1.70401459E-16
0. 3.85229369E-16
0. 8.38119945E-14
0. 4.62718215E-18
0. 4.79753346E-18
0. 1.12345635E-20
0. 1.08579737E-20
0. 5.72911873E-15
0. 6.39738399E-15
0. 1.30876419E-15
0. 7.57731095E-21
0. 7.40410948E-21
0. 2.20C96638E-19
0. 1.50990537E-20
1.92467942E-06 6.24221174E-06
Includes 29 of 217 reactions
REGIONFLAME
1111100000
0111110000
0011110100
0000000000
0001110000
0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K),
1519.3 1718.
0. 4.21899945E-08
0. 3.0769501E-08
0. 3.70329232E-08
0. 1.37149712E-06
0. 5.36828965E-08
0. 1.74451145E-06
0. 1.95590524E-10
0. 7.82322923E-12
0. 1.73599264E-16
0. 1.02984636E-15
0. 1.04955589E-14
0. 1.09533351E-15
0. 1.59080046E-13
0. 8.75232376E-13
0. 1.33729573E-07
0. 1.04164323E-06
0. 1.80641888E-13
010000000000000000000011111101
000000000000000000000000000000
000000010000000000000000000010
000000000000000000000000000000
000000001000000000000000000000
0000000
species (mol/cm3)
175
!
0. 1.64649643E-13
0. 1.27699769E-15
0. 2.07402934E-16
0. 4.56752816E-15
0. 1.49427644E-16
0. 5.56785225E-14
0. 5.58274888E-16
0. 8.57979046E-15
0. 3.48680901E-18
0. 5.6558944E-18
0. 8.72628979E-15
0. 4.2872255E-14
0. 7.30367459E-16
0. 1.00684828E-20
0. 9.83833836E-21
0. 1.05480369E-16
0. 1.55829894E-16
2.63639406E-06 8.53323968E-06
!Includes 30 of 217 reactions
REGION_FLAME
1111100000010000000000000000000011111101
0111111000000000000000000000000000000000
0011110100000000010000000000000000000010
0000000000000000000000000000000000000000
0001110000000000001000000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
1118.1 1317.1
0. 3.51533701E-08
0. 2.15916098E-08
0. 2.80922497E-08
0. 2.76352132E-06
0. 2.50779936E-08
0. 1.60438508E-06
0. 9.30990294E-10
0. 1.13793936E-10
0. 9.44936755E-18
0. 1.80273593E-16
0. 5.54707447E-15
0. 5.39754012E-16
0. 2.16284496E-13
0. 5.45468126E-12
0. 1.20482976E-07
0. 8.14016698E-07
0. 1.48424576E-13
0. 4.5157477E-13
0. 8.71859291E-16
0. 1.45992618E-15
0. 3.98863916E-14
0. 1.18416588E-17
0. 8.14748563E-14
0. 3.24585245E-16
0. 3.22449186E-14
0. 3.69763909E-17
0. 7.75470984E-17
0. 4.36000255E-15
0. 8.56483209E-14
0. 7.63785007E-16
0. 1.34838766E-20
0. 2.28623752E-20
0. 8.42661722E-16
0. 8.43447519E-16
3.6110603E-06 1.16954855E-05
!Includes 43 of 217 reactions
REGION FLAME
1111100001010000000000000000000011111101
11.11111000100100000000000000000000000000
00 11111100000 100011000000000000000000000
176
0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
813.16 1013.12
0. 4.24651393E-08
0. 3.03738329E-08
0. 3.44039885E-08
0. 4.42278503E-06
0. 3.9190977E-080. 1.48911386E-06
0. 1.51577728E-090. 2.5916 10162E-3.120
0. 2.00526561E-15
0. 1.20618143E-14
0. 1.29394269E-13
0. 1.35533323E-14
0. 2.38091488E-12
0. 1.81673219E-1106
0. 1.55322844E-07
0. 7.18550077E-070. 5.49668258E-13
0. 2.85381877E-12
0. 1.7035025E-14
0. 4.11844164E-150. 12998577286E-14
0. 1.41207554E-15
0. 9.22605214E-13
0. 1.36810673E-14
0. 21.5583700678E-13
0. 27.155007747464891E-16
0. 8.466902126E-16
0. 1.08791916E-13
0. 6.7432723E-13
0. 7.60514329E-15
0. 6.16073275E-20
0. 4.1798677E-19
0. 4.11995442E-15
0. 7.06853925E-15
4.8271283E-06 1.59957491E-05
Includes 49 of 217 reactions
REGION_FLAME
1111100001
1111111000
0011111100
0001000000
0001110000
0000000000
VALID RANGE T(K),
1318 .4 1518 0 0 0 0 14
0. 4.33712885E-08
0. 2.94594247E-08
0. 3.49717254 -08
0. 2.01398031E-06
0. 3.69719232E-08
0. 1.66989313E-06
0. 5.79563692E-10
0. 5.13678923E-11
0. 1.3226866E-15
0. 8.00953425E-15
0. 8.75074066E-14
0. 9.14791087E-15
0. 1.66034205E-12
0. 1.43412789E-11
0. 1.55057597E-07
0. 9.43415012E-07
0. 4.26597281E-13
0. 2.07460095E-12
110100000000000000000011111101
110100100000000000000000000000
000001111100000000000000100010
000100000000100000000000000000
000001001001000000000000000000
0000000
species (mol/cm3)
177
!
0. 1.15827081E-14
0. 3.34933555E-15
0. 8.23419E-14
0. 9.33641847E-16
0. 6.42378395E-13
0. 9.13734111E-15
0. 2.00686936E-13
0. 1.78943741E-16
0. 6.04034725E-16
0. 7.34421553E-14
0. 4.80954141E-13
0. 5.24075532E-15
0. 4.10489846E-20
0. 2.83470791E-19
0. 3.07902202E-15
0. 5.01769347E-15
3.08060392E-06 9.90415463E-06
!Includes 59 of 217 reactions
REGION_FLAME
11111000011 11110000010100001001011111101
1111111000110100100000000000000000000000
0011111100000101111100000000000000100010
0001000000000100000011100000000000000000
0001110000000101001001000000000000000000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
1418.9 1618.3
0. 4.97614701E-08
0. 3.55930012E-08
0. 4.03245544E-08
0. 1.63075809E-06
0. 4.62395587E-08
0. 1.73434863E-06
0. 3.48820856E-10
0. 1.69794027E-11
0. 2.34979819E-15
0. 1.41343331E-14
0. 1.51624778E-13
0. 1.5882083E-14
0. 2.79005429E-12
0. 2.12877287E-11
0. 1.81984539E-07
0. 1.00960939E-06
0. 6.44103727E-13
0. 3.34411764E-12
0. 1.99612913E-14
0. 4.82611118E-15
0. 1.15509194E-13
0. 1.65461981E-15
0. 1.08110029E-12
0. 1.6032019E-14
0. 3.32453455E-13
0. 2.89976979E-16
0. 1.01582548E-15
0. 1.27482852E-13
0. 7.90179671E-13
0. 8.91173861E-15
0. 6.98364663E-20
0. 4.87505542E-19
0. 4.82777872E-15
0. 8.28279429E-15
2.85090183E-06 9.17828833E-06
!Includes 79 of 217 reactions
REGION_FLAME
0010000001100010000010101010000011111000
0001100000110011100000000011010011101011
0011100000000101110100010000001100001110
0000000000000100000011111101000011111010
178
1111l11110101101100001100100000000010110
0001000001000000
VALID RANGE T(K), species (mol/cm3)
698.03 1097.5
0. 1.55534423E-06
0. 1.92385885E-10
0. 1.73350714E-11
0. 4.28318556E-06
0. 4.45107335E-11
0. 2.06914991E-06
0. 6.05271736E-10
0. 3.6020524E-10
0. 2.28394279E-19
0. 3.01143528E-17
0. 5.69923004E-13
0. 3.13967172E-14
0. 5.91365168E-09
0. 5.00129848E-06
0. 7.76005226E-07
0. 4.75220719E-07
0. 2.47405172E-12
0. 1.52286919E-08
0. 9.85511863E-14
0. 8.96695222E-11
0. 3.0438372E-09
0. 3.99171129E-15
0. 4.09085051E-08
0. 1.27076978E-12
0. 3.89418694E-08
0. 1.00761561E-10
0. 3.09918199E-08
0. 1.71881167E-12
0. 5.7024304E-09
0. 1.9395488E-11
0. 9.53123959E-13
0. 3.82369333E-10
0. 1.14783036E-11
0. 1.45741996E-10
3.22647827E-06 1.35991962E-05
!Includes 108 of 217 reactions
REGION_FLAME
0010000001110010010010101010000111111000
0011110000110011100100000011010011101011
0 0 1 1 1 1 0 1 0 0 0 0 0 1 1 1 1 1 0 1 0 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 1 1 1 1
0000000000000 1 1 0 1 1 101 1 1 1 1 1 0 1 1 1 10 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0
000101000 0000000
VALID RANGE T(K), species (mol/cm3)
998.8 1398.7
0. 1.30392481E-06
0. 3.34215884E-10
0. 3.26082689E-11
0. 2.29392897E-06
0. 8.73317952E-11
0. 2.31574412E-06
0. 6.31309503E-10
0. 2.93196808E-10
0. 1.40859082E-18
0. 6.22388816E-16
0. 1.72710646E-12
0. 8.94700294E-14
0. 9.78895747E-09
0. 2.63048975E-06
0. 9.60522491E-07
0. 5.63901203E-07
0. 6.06832288E-12
0. 1.69235107E-08
0. 4.02140802E-13
179
0. 2.07202804E-11
0. 3.20227777E-09
0. 1.97905391E-14
0. 5.52965805E-08
0. 4.72080755E-12
0. 5.49144984E-08
0. 1.63064588E-10
0. 3.61857396E-08
0. 6.33333549E-12
0. 9.05740866E-09
0. 2.88461817E-11
0. 2.5029923E-13
0. 4.6642967E-10
0. 5.4081962E-12
0. 1.7224061E-10
2.54048616E-06 9.89827871E-06
!Includes 110 of 217 reactions
REGION_FLAME
1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 1 0 0 1 0 1 1 1 1 1 1 0 1
1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 1 0 0 0 1 1 1
0011111111111111111100010011001010000010
1 0 0 1 1 1 0 0 0 0 1 0 0 1 1 0 0 0 1 0 1 1 1 1 1 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0
0001111011100101101101101000000000010000
00000000000000000
VALID RANGE T(K), species (mol/cm3)
1619.7 1819.7
0. 7.65085325E-08
0. 4.36756336E-08
0. 3.82331082E-08
0. 1.09423568E-06
0. 6.07295148E-08
0. 1.8261107E-06
0. 1.90980718E-10
0. 7.8026315E-12
0. 2.05918095E-13
0. 5.92436684E-13
0. 3.61914842E-12
0. 3.78410795E-13
0. 4.61759181E-11
0. 1.69720809E-10
0. 2.65673852E-07
0. 1.07435957E-06
0. 5.69374986E-12
0. 3.4914416E-11
0. 4.33615073E-13
0. 4.52578433E-14
0. 9.16159776E-13
0. 8.17368843E-14
0. 2.34817307E-11
0. 4.74817232E-13
0. 5.58237355E-12
0. 1.0338464E-14
0. 4.10865619E-14
0. 2.90285879E-12
0. 8.44693593E-12
0. 1.88027411E-13
0. 6.66361598E-18
0. 2.86786876E-17
0. 4.99127069E-14
0. 1.33181511E-13
2.44203213E-06 7.95464633E-06
!Includes 145 of 217 reactions
REGION_FLAME
11110 11111111110011111111011111011111111
0 111110 11111111110 1110 0 0111111111110 1111
1111110 11.1111111111110111111111110 0 0 0 0 10
1011110011100111111011111100111011011000
0001111011010101111111101000000000010000
0 0 0 1 1 1 1 0 1 1 0 1 0 1 0 1 1 1 1 1 1 1. 1. 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
180
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
1997.3 2197.3
0. 3.67770818E-07
0. 3.22722333E-08
0. 1.03701007E-08
0. 7.90299261E-08
0. 5.04452949E-08
0. 2.04507867E-06
0. 1.74821277E-11
0. 1.08489346E-12
0. 1.71807235E-11
0. 8.04679226E-12
0. 7.93590366E-11
0. 4.67141632E-12
0. 1.81575614E-09
0. 4.14590471E-09
0. 6.87970296E-07
0. 1.05795621E-06
0. 8.70378253E-12
0. 1.83390101E-10
0. 3.33629484E-12
0. 1.13949439E-13
0. 7.72876807E-12
0. 7.98413707E-12
0. 1.25355224E-08
0. 1.89404914E-12
0. 5.45741741E-11
0. 5.5505057E-13
0. 1.74861551E-12
0. 5.18076851E-11
0. 1.57851129E-10
0. 4.73912779E-11
0. 3.0776926E-17
0. 1.49884011E-16
0. 7.70810747E-15
0. 4.79563806E-14
1.91076452E-06 5.9935664E-06
Includes 149 of 217 reactions
REGION_FLAME
1111111111
1 1 1 1 1 1 0 1 1 1
1 1 1 1 1 1 0 1 1 1
1 0 1 1 1 1 0 0 1 1
0 0 0 1 1 1 1 1 1 10001111111
0000000000
VALID RANGE T(K),
1920.7 2120.7
0. 2.74450556E-07
0. 4.02126784E-08
0. 2.08294035E-08
0. 4.40834767E-07
0. 6.47922261E-08
0. 1.95782924E-06
0. 4.6734838E-11
0. 2.06146287E-12
0. 2.35219435E-11
0. 1.08945819E-11
0. 8.12245369E-11
0. 4.97143491E-12
0. 1.36622976E-09
0. 1.72654874E-09
0. 5.67986331E-07
0. 1.1514331E-06
0. 1.16775114E-11
0. 1.84733756E-10
0. 3.5698709E-12
0. 1.2934968E-13
111111010111111011111111111111
1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 0
100111101011111100111011011000
1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0000000
species (mol/cm3)
181
!
0. 6.40157351E-12
0. 7.8952932E-12
0. 5.78155161E-09
0. 1.78926372E-12
0. 3.29603989E-11
0. 2.98283429E-13
0. 7.63053438E-13
0. 5.48686571E-11
0. 1.23421831E-10
0. 2.69247095E-11
0. 1.44957753E-17
0. 4.86474568E-17
0. 9.75585426E-15
0. 5.34529463E-14
1.94482843E-06 6.56443476E-06
!Includes 154 of 217 reactions
REGIONFLAME
0 0 1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 1 1 1 1 1 0 0 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 1 1 11 11111001 0 1i1111 0 10111100 101 1 11
0 0 0 1 1 1 0 0 1 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
00011110110010000
VALID RANGE T(K), species (mol/cm3)
1301.2 1698.5
0. 1.14423885E-06
0. 1.90584453E-09
0. 1.55954564E-10
0. 1.13003188E-06
0. 6.01250682E-10
0. 2.44500672E-06
0. 5.45719182E-10
0. 6.13957462E-11
0. 2.49851247E-15
0. 1.46983426E-13
0. 4.04340184E-11
0. 2.21151541E-12
0. 2.51439385E-08
0. 1.27497224E-06
0. 1.11110485E-06
0. 6.3871914E-07
0. 3.6222803E-11
0. 1.30648329E-08
0. 4.01258583E-12
0. 1.96249446E-11
0. 2.24729025E-09
0. 9.58215895E-13
0. 8.74473267E-08
0. 8.99851509E-11
0. 6.02548069E-08
0. 3.91945821E-10
0. 3.05904015E-08
0. 1.22539076E-10
0. 1.08348116E-08
0. 5.9513728E-11
0. 7.55250425E-13
0. 3.56142855E-10
0. 7.50124914E-12
0. 2.01824055E-10
2.06488401E-06 7.90430466E-06
!Includes 155 of 217 reactions
REGION_FLAME
1111111111111111011111111011111111111101
1111111111111111 101110 0 0 11111111110 0 1111
1111111111111111111110111111011110 0 0 0 110
1001110011110111101011111100111011011100
0001111111110101111111101110000010011000
00000000000000000
182
VALID RANGE T(K), species (mol/cm3)
1720. 1919.8
0. 1.21800848E-07
0. 4.39244717E-08
0. 3.0421461E-08
0. 8.42510538E-07
0. 6.38017495E-08
0. 1.87699062E-06
0. 1.09206069E-10
0. 4.29066327E-12
0. 7.12299812E-12
0. 1.30037608E-11
0. 6.53455035E-11
0. 6.31385082E-12
0. 8.11159658E-10
0. 1.826383E-09
0. 3.86262501E-07
0. 1.10710348E-06
0. 5.35260883E-11
0. 3.61285515E-10
0. 6.72085153E-12
0. 4.8304113E-13
0. 9.49498783E-12
0. 1.92583051E-12
0. 4.82381888E-10
0. 1.010C23718E-11
0. 1.0892838E-10
0. 5.49C058959E-13
0. 2.23205548E-12
0. 4.35303769E-11
0. 8.67178405E-11
0. 3.25079739E-12
0. 6.37108123E-16
0. 2.37958435E-15
0. 4.84375891E-13
0. 2.20891725E-12
2.2680764E-06 7.45156555E-06
Includes 155 of 217 reactions
REGIONFLAME
1 0 0 1 1 1 0 0 1 11111111111
0 0 0 1 1 1 1 1 1 110011100110001111111
0000000000
VALID RANGE T(K),
1720. 1919.8
0. 1.21800848E-07
0. 4.39244717E-08
0. 3.0421461E-08
0. 8.42510538E-07
0. 6.38017495E-08
0. 1.87699062E-06
0. 1.09206069E-10
0. 4.29066327E-12
0. 7.12299812E-12
0. 1.30037608E-11
0. 6.53455035E-11
0. 6.31385082E-12
0. 8.11159658E-10
0. 1.826383E-09
0. 3.86262501E-07
0. 1.10710348E-06
0. 5.35260883E-11
0. 3.612B5515E-10
0. 6.72085153E-12
0. 4.8304113E-13
0. 9.49498783E-12
1111
1101
1101
0000
species
species
1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1
1110 1110 0 0 11111111110 0 1111
11 11 1 1 10111111011110000110
11101011111100111011011100
01111111101110000010011 000
000
(mol/cm3)
183
!
0. 1.92583051E-12
0. 4.82381888E-10
0. 1.01023718E-11
0. 1.0892838E-10
0. 5.49058959E-13
0. 2.23205548E-12
0. 4.35303769E-11
0. 8.67178405E-11
0. 3.25079739E-12
0. 6.37108123E-16
0. 2.37958435E-15
0. 4.84375891E-13
0. 2.20891725E-12
2.2680764E-06 7.45156555E-06
!Includes 176 of 217 reactions
REGIONFLAME
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1111110111111111111110111111111110011110
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 10 1 1 0 1 1 1 1 0
0101111111111101111111111110001110010000
01000000000000000
VALID RANGE T(K), species (mol/cm3)
1820.6 2020.5
0. 2.03369054E-07
0. 4.33712619E-08
0. 2.74805187E-08
0. 6.30417744E-07
0. 6.5553384E-08
0. 1.90784003E-06
0. 7.73029368E-11
0. 3.13243308E-12
0. 4.77866425E-11
0. 5.77252132E-11
0. 3.69243319E-10
0. 2.77863114E-11
0. 5.96761003E-09
0. 9.20480183E-09
0. 5.18719427E-07
0. 1.13754576E-06
0. 1.0688245E-10
0. 1.18519017E-09
0. 2.58669968E-11
0. 1.49169206E-12
0. 3.92674941E-11
0. 1.43249396E-11
0. 5.98963924E-09
0. 5.82665367E-11
0. 8.65874867E-10
0. 7.77044918E-12
0. 2.94498491E-11
0. 1.96873122E-10
0. 3.72916976E-10
0. 2.9520678E-11
0. 5.62097967E-15
0. 2.37868994E-14
0. 8.04277269E-13
0. 7.0672332E-12
2.07989784E-06 6.98223603E-06
!Includes 179 of 217 reactions
REGIONFLAME
0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1111110 1111 1 1 1 1 1 1 1 1 110 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1111110 111111111111110 111111111110 0 11110   1 1 1 0        1 1 1 1 1 1 1 0       1 1 1 1 1 0   1 1 0
11111111111111111111111111111110 110 11110
0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 0 0 1 0 0 0 0
11010100010000000
VALID RANGE T(K), species (mol/cm3)
184
1897. 2096.8
0. 5.54311433E-07
0. 3.83151946E-08
0. 7.26506962E-09
0. 7.12634378E-08
0. 3.59933496E-08
0. 2.14595209E-06
0. 4.26539612E-11
0. 1.79342216E-12
0. 5.09854708E-11
0. 5.17612382E-11
0. 4.93985263E-10
0. 3.19802644E-11
0. 1.48895851E-08
0. 4.16752876E-08
0. 9.27471189E-07
0. 9.24990268E-07
0. 8.50586878E-11
0. 1.72338308E-09
0. 2.93408653E-11
0. 2.1651792E-12
0. 8.04391593E-11
0. 1.99542319E-11
0. 5.68363987E-08
0. 1.2461677E-10
0. 4.11304997E-09
0. 4.43185828E-11
0. 2.5017235E-10
0. 2.60474234E-10
0. 9.73938847E-10
0. 1.14927203E-10
0. 2.90088924E-14
0. 2.35780912E-13
0. 1.09695755E-12
0. 1.45502743E-11
1.91573499E-06 6.14684503E-06
ncludes 189 of 217 reactions
REGIONFLAME
0 0 110 1110 1
0 111111111
1111111111
1011111111
111111111
1 1 0 1 1 1 1 0 1 1
VALID RANGE T(K),
1602.1 1901.8
0. 1.00110841E-06
0. 1.27591518E-08
0. 9.21671897E-10
0. 4.31819395E-07
0. 6.1167629E-09
0. 2.47365304E-06
0. 3.21115284E-10
0. 1.04585843E-11
0. 3.95008034E-12
0. 2.35764333E-11
0. 5.1030763E-10
0. 3.48922954E-11
0. 3.33592716E-08
0. 4.66715243E-07
0. 1.16079214E-06
0. 7.27005133E-07
0. 1.47095127E-10
0. 6.8298087E-09
0. 3.89281133E-11
0. 1.85635324E-11
0. 4.94786282E-10
0. 1.05206227E-11
111110011011111111111111111111
111111111110011111111111111111
111111111111111111111110111111
111111111111111111111111111111
11110 1111111111110 0 0 1 110 110001
0010000
species (mol/cm3)
185
!I
0. 1.35848464E-07
0. 2.89813984E-10
0. 4.09157851E-08
0. 4.99041875E-10
0. 1.31421618E-08
0. 3.16618483E-10
0. 8.23671334E-09
0. 1.37642597E-10
0. 1.20204337E-12
0. 1.05573801E-10
0. 9.47190483E-12
0. 1.90926822E-10
1.9194809E-06 6.75814292E-06
END
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Appendix C
Kinetic models for propane
combustion
C.1 Full-chemistry model
187
CHEMKIN INTERPRETER OUTPUT: CHEMKIN-II Version 3.6 Apr. 1994
DOUBLE PRECISION
ELEMENTS ATOMIC
CONSIDERED WEIGHT
1. H
2. O
3. C
1.00797
15.9994
12.0112
4. N 14.0067
C
P H
H A
AR
S G MOLECULAR TEMPERATURE ELEMENT COUNT
EE WEIGHT LOW HIGH H 0 C N
1. H2
2. H
3. CH4
4. CH3
5. CH2
6. CH
7. CH20
8. HCO
9. C02
10. CO
11. 02
12. 0
13. OH
14. H02
15. H202
16. H20
17. C2H
18. HCCO
19. C2H2
20. C2H3
21. C2H4
22. C2H5
23. C2H6
24. CH20H
25. CH30
26. HCCOH
27. H2CCCH
28. C3H2
29. CH2(s)
30. CH2CO
31. C4H2
32. C5H2
33. C5H3
34. C6H2
35. C2
36. C20
37. C
38. HCOH
39. CH2CHCCH
40. HCCHCCH
41. H2CCCCH
42. C6H5
43. C6H6
44. C6H50
45. CH2CHCHCH
46. CH2CHCCH2
47. H2C40
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
G 0
2.01594
1.00797
16.04303
15.03506
14.02709
13.01912
30.02649
29.01852
44.00995
28.01055
31.99880
15.99940
17.00737
33.00677
34.01474
18.01534
25.03027
41.02967
26.03824
27.04621
28.05418
29.06215
30.07012
31.03446
31.03446
42.03764
39.05736
38.04939
14.02709
42.03764
50.06054
62.07169
63.07966
74.08284
24.02230
40.02170
12.01115
30.02649
52.07648
51.06851
51.06851
77.10675
78.11472
93.10615
53.08445
53.08445
66.05994
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 4000.0
300.0 4000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 4000.0
250.0 4000.0
300.0 3000.0
300.0 4000.0
300.0 4000.0
150.0 4000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 5000.0
300.0 4000.0
300.0 4000.0
300.0 4000.0
300.0 4000.0
300.0 5000.0
300.0 4000.0
300.0 4000.0
300.0 4000.0
300.0 4000.0
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SPECIES
CONSIDERED
48. CH2CHCHCH2
49. CH30H
50. CH2HCO
51. C-C5H5S
52. C-C5H50
53. C-C5H6
54. C6H50H
55. C-C5H40H
56. C-C5H40
57. C4H10
58. pC4H9
59. sC4H9
60. C4H8-1
61. C4H8-2
62. C4H7
63. C3H6
64. aC3H5
65. pC3H5
66. sC3H5
67. CH2CHCHO
68. pC3H4
69. aC3H4
70. CH3CO
71. C6H5CH2
72. CH2CHCOR
73. CH3CHCO
74. CH3HCO
75. CHOCHO
76. C3H8
77. iC3H7
78. NC3H7
79. CH3CHCCH2
80. CH3CCCH2
81. OC6H4 )
82. CH3CHCCH
83. CH3CH2CCH
84. CH3C6H4CH2
85. C-2*4,C6H60
86. C-C5H7
87. L-C5H8
88. 1-C5H 7
89. H2CCC1CH2
90. HCHCHCHO
91. HCCCHO
92. HCCCO
93. N2
REACTIONS CONSIDERED
1. OH+H2:=H+H20
2. O+OH=O2+H
3. O+H2=OH+H
4.
5.
G 0 54.09242 300.0 4000.0 6 0 4 0
G 0 32.04243 300.0 5000.0 4 1 1 0
G 0 43.04561 300.0 5000.0 3 1 2 0
G 0 65.09560 300.0 4000.0 5 0 5 0
G 0 81.09500 300.0 5000.0 5 1 5 0
G 0 66.10357 300.0 5000.0 6 0 5 0
G 0 94.11412 300.0 4000.0 6 1 6 0
G 0 81.09500 300.0 5000.0 5 1 5 0
G 0 80.08703 300.0 5000.0 4 1 5 0
G 0 58.12430 300.0 4000.0 10 0 4 0
G 0 57.11633 300.0 5000.0 9 0 4 0
G 0 57.11633 300.0 5000.0 9 0 4 0
G 0 56.10836 300.0 5000.0 8 0 4 0
G 0 56.10836 300.0 5000.0 8 0 4 0
G 0 55.10039 300.0 5000.0 7 0 4 0
G 0 42.08127 300.0 5000.0 6 0 3 0
G 0 41.07330 300.0 4000.0 5 0 3 0
G 0 41.07330 300.0 4000.0 5 0 3 0
G 0 41.07330 300.0 4000.0 5 0 3 0
G 0 56.06473 300.0 5000.0 4 1 3 0
G 0 40.06533 300.0 4000.0 4 0 3 0
G 0 40.06533 300.0 4000.0 4 0 3 0
G 0 43.04561 300.0 5000.0 3 1 2 0
G 0 91.13384 300.0 5000.0 7 0 7 0
G 0 55.05676 300.0 5000.0 3 1 3 0
G 0 56.06473 300.0 5000.0 4 1 3 0
G 0 44.05358 300.0 5000.0 4 1 2 0
G 0 58.03704 300.0 5000.0 2 2 2 0
G 0 44.09721 300.0 5000.0 8 0 3 0
G 0 43.08924 300.0 5000.0 7 0 3 0
G 0 43.08924 300.0 5000.0 7 0 3 0
G 0 54.09242 300.0 5000.0 6 0 4 0
G 0 53.08445 300.0 4000.0 5 0 4 0
G 0 108.09758 300.0 5000.0 4 2 6 0
G 0 53.08445 300.0 5000.0 5 0 4 0
G 0 54.09242 300.0 4000.0 6 0 4 0
G 0 105.16093 300.0 5000.0 9 0 8 0
G 0 94.11412 300.0 5000.0 6 1 6 0
G 0 67.11154 300.0 5000.0 7 0 5 0
G 0 68.11951 298.1 3000.0 8 0 5 0
G 0 67.11154 298.1 3000.0 7 0 5 0
G 0 52.07648 300.0 4000.0 4 0 4 0
G 0 55.05676 300.0 5000.0 3 1 3 0
G 0 54.04879 300.0 5000.0 2 1 3 0
G 0 53.04082 300.0 5000.0 1 1 3 0
G 0 28.01340 300.0 5000.0 0 0 0 2
(k = A T**b exp(-E/RT))
2.14E+08 1.5
2.02E+14 -0.4
5.06E+04 2.7
OH+OH:-=O+H20 3.57E+04
H+02(+m)=HO2(+m) 4.52E+13
Low pressure limit: 0.10500E+20 -0.12570E+01 0.00000E+00
H20
CH 4
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0. 000E+00
0. 000E+00
0. 000E+00
1. 000E+01
3.800E+00
1. 900E+00
6. H+O2(+N2)=HO2(+N2) 4.52E+13
Low pressure limit: 0.20300E+21 -0.15900E+01 0.00000E+00
7. H+02(+H2)=HO2(+H2) 4.52E+13
2.4
0.0
3449.0
0.0
6290.0
-2112.0
0.0
0.0
0.0
0.0
0.0
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------------------------------------------- - -- - -- -- -- - -- -- -- -- -
Low pressure limit: 0.15200E+20 -0.11330E+01
8. H+O2(+H20)=HO2(+H20)
Low pressure limit: 0.21000E+24 -0.24370E+01
9. OH+HO2=H20+02
Declared duplicate reaction...
10. OH+HO2=H20+02
Declared duplicate reaction...
11. H+H02=OH+OH
12. H+HO2=H2+02
13. H+HO2=O+H20
14. O+H02=02+OH
15. H+H+m=H2+m
H20 Enhanced by 0.000E+00
H2 Enhanced by 0.000E+00
16. H+H+H2=H2+H2
17. H+H+H20=H2+H20
18. H+OH+m=H20+m
H20 Enhanced by 6.400E+00
19. H+O+m=OH+m
H20 Enhanced by 6.400E+00
20. O+O+m=02+m
21. HO2+HO2=H202+02
Declared duplicate reaction...
22. HO2+HO2=H202+02
Declared duplicate reaction...
23. OH+OH(+m)=H202(+m)
Low pressure limit: 0.30400E+31 -0.46300E+01
TROE centering: 0.47000E+00 0.10000E+03
24. H202+H=HO2+H2
25. H202+H=OH+H20
26. H202+O=OH+HO2
27. H202+OH=H20+HO2
28. HCO+O2=HO2+CO
29. HCO+m=H+CO+m
H20 Enhanced by 5.000E+00
H2 Enhanced by 1.870E+00
CO2 Enhanced by 3.000E+00
CO Enhanced by 1.870E+00
CH4 Enhanced by 2.810E+00
30. HCO+OH=H20+CO
31. HCO+H=CO+H2
32. HCO+O=CO+OH
33. HCO+O=CO2+H
34. CO+OH=CO2+H
35. CO+O+m=CO2+m
36. CO+02=CO2+0
37. CO+HO2=CO2+OH
38. CH3+CH3(+m)=C2H6(+m)
Low pressure limit: 0.11400E+37 -0.52460E+01
TROE centering: 0.40500E+00 0.11200E+04
H20 Enhanced by 5.000E+00
H2 Enhanced by 2.000E+00
CO2 Enhanced by 3.000E+00
CO Enhanced by 2.000E+00
39. CH3+H(+m)=CH4(+m)
Low pressure limit: 0.33100E+31 -0.40000E+01
TROE centering: 0.00000E+00 0.10000E-14
H20 Enhanced by 5.000E+00
H2 Enhanced by 2.000E+00
C02 Enhanced by 3.000E+00
CO Enhanced by 2.000E+00
40. CH4+H=CH3+H2
41. CH4+OH=CH3+H20
42. CH4+O=CH3+OH
43. CH4+HO2=CH3+H202
44. CH3+HO2=CH30+OH
45. CH3+HO2=CH4+02
46. CH3+O=CH20+H
0.00000E+00
4.52E+13 0.0
0.00000E+00
2.13E+28 -4.8
9.10E+14
1.50E+14
8.45E+11
3.01E+13
3.25E+13
1.00E+18
9.20E+16
6.00E+19
2.21E+22
4.71E+18
0.0
3500.0
0.0 10964.0
0.0
0.7
0.0
0.0
-1.0
-0.6
-1.2
-2.0
-1.0
1000.0
1241.0
1721.0
0.0
0.0
0.0
0.0
0.0
0.0
1.89E+13 0.0 -1788.0
4.20E+14 0.0 11982.0
1.30E+11 0.0 -1629.0
1.24E+14 -0.
0.20490E+04
0.20000E+04
1.98E+06 2.
3.07E+13 0.
9.55E+06 2.
2.40E+00 4.
7.58E+12 0.
1.86E+17 -1.
1.00E+14 0.
1.19E+13 0.
3.00E+13 0.
3.00E+13 0.
9.42E+03 2.
6.17E+14 0.
2.53E+12 0.
5.80E+13 0.
9.22E+16 -1.
0.17050E+04
0.69600E+02
2.14E+15 -0.
0.21080E+04
0.10000E-14
2.20E+04
4.19E+06
6.92E+08
1.12E+13
7.00E+12
3.00E+12
8.00E+13
0.0
0.10000E+16
0 2435.0
0 4217.0
0 3970.0
0 -2162.0
0 410.0
0 17000.0
0 0.0
2 0.0
0 0.0
0 0.0
2 -2351.0
0 3000.0
0 47688.0
0 22934.0
2 636.0
0.10000E+16
4 0.0
0.40000E+02
8750.0
2547.0
8485.0
24640.0
0.0
0.0
0.0
3.0
2.0
1.6
0.0
0.0
0.0
0.0
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47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
CH3+02=CH30+0
CH3+02=CH20+OH
CH30+H=CH3+OH
CH3+OH=CH2 (s)+H20
CH3+0H=CH2+H20
CH3+0 H=HCOH+H2
CH3+OH=CH20+H2
CH3+H =CH2+H2
CH3+rn:=CH+H2+m
CH3+rn=CH2+H+m
CH2+H=CH+H2
CH2+0H=CH+H20
CH2+OH=CH20+H
CH2+C(2=CH20+CO
CH2+0:=CO+H+H
CH2+0=CO+H2
CH2+02=CH20+0
CH2+02=CO2+H+H
CH2+(2=CO2+H2
CH2+0:2=CO+H20
CH2+02=HCO+OH
CH2+ CH3=C2H4+H
CH2+CH2=C2H2+H+H
CH2+HCCO=C2H3+CO
CH2+C2H2=H2 CCCH+H
CH2 (s) +m=CH2+m
C2 H 2
H2 0
73. CH2 (s) +CH4=CH3+CH3
74. CH2(s)+C2H6=CH3+C2H5
75. CH2 (s)+ 02=CO+OH+H
76. CH2 (s)+H2=CH3+H
77. CH2(s +C2H2=H2CCCH+H
78. CH2(s +C2H4=aC3H5+H
79. CH2 (s, +O=CO+H+H
80. CH2 (s)+OH=CH20+H
81. CH2(s)+H=CH+H2
82. CH2(s)+C02=CH20+CO
83. CH2(s)+CH3=C2H4+H
84. CH2(s)+CH2CO=C2H4+CO
85. CH+O2:=HCO+O
86. CH+O=CO+H
87. CH+OH-=HCO+H
88. CH+0H=C+H20
89. CH+CO2=HCO+CO
90. CH+H-=-C+H2
91. CH+H20=CH20+H
92. CH+CH20=CH2CO+H
93. CH+C2H2=C3H2+H
94. CH+C]-12=C2H2+H
95. CH+CH3=C2H3+H
96. CH+CH4=C2H4+H
97. C+02-=CO+0
98. C+OH=CO+H
99. C+CH3=-C2H2+H
100. C+CHR2=C2H+H
101. CH3+0H (+m)=CH30H(+m)
Low pressure limit:
TROE centering:
H 20 E
H2 E
CO?2 E
CO E
102. CH3OH (+m)=HCOH+H2(+m)
Tnhanced by
inhanced by
nhanced by
0.57500E+42
0.25000E-01
nhanced by
nhanced by
nhanced by
nhanced by
Low pressure limit: 0.42300E+45
TROE centering: 0.25000E-01
H20 Enhanced by
1.200E+01
4.000E+00
3.000E+00
-0.74000E+01
0.10000E-14
1.600E+01
2.000E+00
3.000E+00
2.000E+00
-0.76500E+01
0.10000E-14
1.600E+01
1.45E+13
2. 51E+11
1. 00E+14
2. 65E+13
3. 00E+06
5. 48E+13
2.25E+13
9. 00E+13
6. 90E+14
1.90E+16
1.00E+18
1. 13E+07
2. 50E+13
1.10E+11
5. 00E+13
3. 00E+13
3.29E+2 1
3.29E+21
1.01E+21
7.28E+19
1 .29E+20
4. 00E+13
4. 00E+13
3. 00E+13
1.20E+13
1.00E+13
0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
-1.6
2.0
0.0
0.0
0.0
0.0
-3.3
-3.3
-3.3
-2.5
-3.3
0.0
0.0
0.0
0.0
0.0
29209.0
14640.0
0.0
2186.0
2500.0
2981.0
4300.0
15100.0
82469.0
91411.0
0.0
3000.0
0.0
1000.0
0.0
0.0
2868.0
2868.0
1508.0
1809.0
284.0
0.0
0.0
0.0
6600.0
0.0
4.00E+13 0.0 0.0
1.20E+14 0.0 0.0
7.00E+13 0.0 0.0
7.00E+13 0.0 0.0
1.50E+14 0.0 0.0
1.30E+14 0.0 0.0
3.00E+13 0.0 0.0
3.00E+13 0.0 0.0
3.00E+13 0.0 0.0
3.00E+12 0.0 0.0
2.00E+13 0.0 0.0
1.60E+14 0.0 0.0
3.30E+13 0.0 0.0
5.70E+13 0.0 0.0
3.00E+13 0.0 0.0
4.00E+07 2.0 3000.0
3.40E+12 0.0 690.0
1.50E+14 0.0 0.0
1.17E+15 -0.8 0.0
9.46E+13 0.0 -515.0
1.00E+14 0.0 0.0
4.00E+13 0.0 0.0
3.00E+13 0.0 0.0
6.00E+13 0.0 0.0
2.00E+13 0.0 0.0
5.00E+13 0.0 0.0
5.00E+13 0.0 0.0
5.00E+13 0.0 0.0
5.65E+13 0.1 0.0
0.62600E+03
0.80000E+04 0.30000E+04
4.15E+16 -0.1 92285.0
0.92911E+05
0.80000E+04 0.30000E+04
191
E
E
E
H2
C02
Enhanced by
Enhanced by
Enhanced by
2.000E+00
3.000E+00
2.000E+00CO
103. CH30H+OH=CH20H+H20
104. CH30H+OH=CH30+H20
105. CH30H+O=CH20H+OH
106. CH30H+H=CH20H+H2
107. CH30H+H=CH30+H2
108. CH3OH+HO2=CH20H+H202
109. CH30+m=CH20+H+m
110. CH20H+m=CH20+H+m
111. CH30+H=CH20+H2
112. CH2OH+H=CH20+H2
113. CH30+OH=CH20+H20
114. CH20H+OH=CH20+H20
115. CH30+0=CH20+OH
116. CH20H+O=CH20+OH
117. CH30+02=CH20+H02
118. CH20H+02=CH20+H02
Declared duplicate rt
119. CH20H+02=CH20+HO2
Declared duplicate r
120. HCOH+OH=HCO+H20
121. HCOH+H=CH20+H
122. HCOH+O=CO2+H+H
123. HCOH+O=CO+OH+H
124. HCOH+02=CO2+H+OH
125. HCOH+02=CO2+H20
126. CH20+OH=HCO+H20
127. CH20+H=HCO+H2
128. CH20+m=HCO+H+m
129. CH20+0=HCO+OH
130. C2H6+CH3=C2H5+CH4
131. C2H6+H=C2H5+H2
132. C2H6+0=C2H5+OH
133. C2H6+OH=C2H5+H20
134. C2H5+H=C2H4+H2
135. C2H5+H=CH3+CH3
136. C2H5+H=C2H6
137. C2H5+OH=C2H4+H20
138. C2H5+O=CH3+CH20
139. C2H5+HO2=CH3+CH20+OH
140. C2H5+02=C2H4+H02
141. C2H4+H=C2H3+H2
142. C2H4+OH=C2H3+H20
143. C2H4+O=CH3+HCO
144. C2H4+0=CH2HCO+H
145. C2H4+CH3=C2H3+CH4
146. C2H4+H(+m)=C2H5(+m)
Low pressure limit:
TROE centering:
H20
H2
C02
CO
147. C2H4+m=C2H2+H2+m
148. C2H4+m=C2H3+H+m
149. C2H3+H=C2H2+H2
150. C2H3+O=CH2CO+H
151. C2H3+O2=CH20+HCO
152. C2H3+02=CH2HCO+O
153. C2H3+O2=C2H2+HO2
Declared duplicate r
154. C2H3+O2=C2H2+H02
Declared duplicate r
155. C2H3+OH=C2H2+H20
156. C2H3+C2H=C2H2+C2H2
157. C2H3+CH=CH2+C2H2
0.11120E+35
0.10000E+01
Enhanced by
Enhanced by
Enhanced by
Enhanced by
-0.50000E+01
0.10000E-14
5.000E+00
2.000E+00
3.000E+00
2.000E+00
eaction...
eaction...
2.61E+05
2.62E+06
3.88E+05
1.70E+07
4.24E+06
9.64E+10
5.45E+13
1.00E+14
2.00E+13
2.00E+13
1.00E+13
1.00E+13
1.00E+13
1.00E+13
6.30E+10
1.57E+15
2.2
2.1
2.5
2.1
2.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-1.0
7.23E+13 0.0
-1344.0
916.0
3080.0
4868.0
4868.0
12578.0
13497.0
25000.0
0.0
0.0
0.0
0.0
0.0
0.0
2600.0
0.0
3577.0
2.00E+13 0.0 0.0
2.00E+14 0.0 0.0
5.00E+13 0.0 0.0
3.00E+13 0.0 0.0
5.00E+12 0.0 0.0
3.00E+13 0.0 0.0
3.43E+09 1.2 -447.0
2.19E+08 1.8 3000.0
3.31E+16 0.0 81000.0
1.80E+13 0.0 3080.0
5.50E-01 4.0 8300.0
5.40E+02 3.5 5210.0
3.00E+07 2.0 5115.0
7.23E+06 2.0 864.0
1.25E+14 0.0 8000.0
3.00E+13 0.0 0.0
1.00E+14 0.0 0.0
4.00E+13 0.0 0.0
1.00E+14 0.0 0.0
3.00E+13 0.0 0.0
3.00E+20 -2.9 6760.0
3.36E-07 6.0 1692.0
2.02E+13 0.0 5936.0
1.02E+07 1.9 179.0
3.39E+06 1.9 179.0
6.62E+00 3.7 9500.0
1.08E+12 0.5 1822.0
0.44480E+04
0.95000E+02 0.20000E+03
2.60E+17
3.80E+17
4.00E+13
3.00E+13
1.09E+23
1.60E+1.5
5.19E+15
0.0
0.0
0.0
0.0
-3.3
-0.8
-1.3
2.12E-06 6.0
2.00E+13
3.00E+13
5.00E+13
0.0
0.0
0.0
79289.0
98168.0
0.0
0.0
3892.0
3135.0
3310.0
9484.0
0.0
0.0
0.0
192
I
eaction...
eaction...
C2H3+CH3=aC3H5+H
C2H3+CH3=C3H6
C2H3+CH3=C2H2+CH4
C2H3+C2H2=CH2CHCCH+H
C2H3+C2H4=CH2CHCHCH2+H
C2H3+C2H3=CH2CHCCH2+H
C2H3+C2H3=C2H4+C2H2
C2H2+OH=C2H+H20
C2H2+OH=HCCOH+H
C2H2+OH=CH2CO+H
Declared duplicate reaction...
168. C2H2+OH=CH2CO+H
Declared duplicate reaction...
C2H2+OH=CH3+CO
HCCOH+H=CH2CO+H
C2H2+O=CH2+CO
C2H2+O=HCCO+H
C2H2+0=C2H+OH
C2H2+CH3=C2H+CH4
C2H2+02=HCCO+OH
C2H2+m=C2H+H+m
C2H2+H(+m)=C2H3(+m)
Low pressure limit:
TROE centering:
H20
H2
C02
0.22500E+41
0.10000E+01
Enhanced by
Enhanced by
Enhanced by
Enhanced by
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
CH2CO+H=CH3+CO
CH2CO+H=HCCO+H2
CH2CO+O=HCCO+OH
CH2CO+OH=HCCO+H20
CH2CO+OH=CH20H+CO
CH2CO(+m)=CH2+CO(+m)
Low pressure limit:
C2H+H2=C2H2+H
C2H+O=CH+CO
C2H+OH=HCCO+H
C2H+OH=C2+H20
C2H+02=CO+CO+H
C2H+C2H2=C4H2+H
C2H+C2H4=CH2CHCCH+H
HCCO+C2H2=H2CCCH+CO
HCCO+H=CH2(s)+CO
4.73E+02
4.46E+56
2.00E+13
2.00E+12
5.00E+11
7.00E+13
1.45E+13
3.37E+07
5.04E+05
2.18E-04
3.7
-13.0
0.0
0.0
0.0
0.0
0.0
2.0
2.3
4.5
2.00E+11 0.0
-0.72690E+01
0.10000E-14
5.000E+00
2.000E+00
3.000E+00
2.000E+00
0.00000E+00
0.OOOOOE+00
0.36000E+16 0.00000E+00
4.83E-04
1.00E+13
6.12E+06
1.43E+07
3.16E+15 -
1.81E+11
2.00E+08
4.20E+16
3.11E+11
0.65770E+04
0.67500E+03
4.0
0.0
2.0
2.0
0.6
0.0
1.5
0.0
0.6
5.37E+10 0.
4.09E+09 1.
5.89E+12 0.
1.70E+12 0.
2.00E+13 0.
2.00E-06 5.
4.00E+13 0.
1.00E+14 0.
3.00E+13 0.
3.00E+10 0.
4.90E+14 -0.
3.95E+38 -7.
4.27E+12 0.
0.49200E+05
4.07E+42 -8.
1.00E+13 0.
7.24E+12 0.
1.00E+12 0.
1.70E+12 0.
1.74E+12 0.
1.00E+14 0.
3.00E+12 0.
0.12518E+05
1.75E+12 0.
7.00E+12 0.
2.00E+14 0.
1.00E+13 0.
1.00E+13 0.
3.73E+12 0.
3.00E+14 0.
0.59270E+05
4.09E+05 2.
5.00E+13 0.
2.00E+13 0.
4.00E+07 2.
9.04E+12 0.
9.64E+13 0.
1.20E+13 0.
1.00E+11 0.
1.00E+14 0.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
0.10000E+16
7 -1110.0
2 2400.0
0 1810.0
0 10700.0
5 42200.0
6 2464.0
0 0.0
0 0.0
0 0.0
0 0.0
5 0.0
6 45115.0
0 50600.0
5 69278.0
0 0.0
0 1970.0
0 0.0
0 10700.0
0 8440.0
0 37000.0
0 16722.0
0 1350.0
0 3011.0
0 8000.0
0 8000.0
0 2000.0
0 -1013.0
0 70980.0
4 864.3
0 0.0
0 0.0
0 8000.0
0 -457.0
0 0.0
0 0.0
0 3000.0
0 0.0
193
5677.0
13865.0
0.0
5000.0
7304.0
0.0
0.0
14000.0
13500.0
-1000.0
0.0
-2000.0
0.0
1900.0
1900.0
15000.0
17289.0
30100.0
107000.0
2589.0
CH3HCO+OH=CH3CO+H20
CH3HCO+H=CH3CO+H2
CH3HCO+O=CH3CO+OH
CH3HCO+HO2=CH3CO+H202
CH3HCO+O2=CH3CO+H02
CH3HCO+CH3=CH3CO+CH4
CH2HCO+H=CH2CO+H2
CH2HCO+O=CH20+HCO
CH2HCO+OH=CH2CO+H20
CH2HCO+02=CH20+CO+OH
CH2HCO+CH3=>C2H5+CO+H
CH2HCO=CH2CO+H
CHOCHO(+m)=CH20+CO(+m)
Low pressure limit: 0.89100E+17
CHOCHO=CO+CO+H2
CHOCHO+OH=HCO+CO+H20
CHOCHO+O=HCO+CO+OH
CHOCHO+H=CH20+HCO
CHOCHO+HO2=HCO+CO+H202
CHOCHO+CH3=HCO+CO+CH4
CHOCHO+02=HCO+CO+H02
CH3CO(+m)=CH3+CO(+m)
Low pressure limit: 0.12000E+16
CH2CO+O=CO2+CH2
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
H20
H2
C02
CO
248. NC3H7+02=C3H6+HO2
249. iC3H7+02=C3H6+HO2
250. C3H6+H(+m)=iC3H7(+m)
Low pressure limit:
TROE centering:
H20
H2
C02
Enhanced by
Enhanced by
Enhanced by
Enhanced by
0.16400E+55
0.10000E+01
Enhanced by
Enhanced by
Enhanced by
CO Enhan
iC3H7+H=C2H5+CH3
NC3H7+H=C2H5+CH3
C3H6=pC3H5+H
C3H6=sC3H5+H
C3H6=C2H2+CH4
C3H6=aC3H4+H2
C3H6+HO2=aC3H5+H202
C3H6+OH+02=CH3HCO+CH20+OH
C3H6+OH=aC3H5+H20
C3H6+OH=sC3H5+H20
C3H6+OH=pC3H5+H20
C3H6+O=CH3CHCO+H+H
C3H6+O=C2H5+HCO
C3H6+O=aC3H5+OH
ced by
HCCO+O=H+CO+CO
HCCO+O=CH+CO2
HCCO+02=CO2+CO+H
HCCO+CH=C2H2+CO
HCCO+HCCO=C2H2+CO+CO
HCCO+OH=C20+H20
C20+H=CH+CO
C20+O=CO+CO
C20+OH=CO+CO+H
C20+02=CO+CO+0
C2+H2=C2H+H
C2+02=CO+CO
C2+OH=C20+H
C3H8(+m)=C2H5+CH3(+m)
Low pressure limit: 0.72370E+28
TROE centering: 0.10000E+01
H20 Enhanced by
C02 Enhanced by
CO Enhanced by
H2 Enhanced by
C3H8+02=iC3H7+HO2
C3H8+O2=NC3H7+HO2
C3H8+HO2=NC3H7+H202
C3H8+HO2=iC3H7+H202
C3H8+OH=NC3H7+H20
C3H8+OH=iC3H7+H20
C3H8+O=NC3H7+OH
C3H8+O=iC3H7+OH
C3H8+H=iC3H7+H2
C3H8+H=NC3H7+H2
C3H8+CH3=NC3H7+CH4
C3H8+CH3=iC3H7+CH4
C3H8+C2H3=iC3H7+C2H4
C3H8+C2H3=NC3H7+C2H4
C3H8+C2H5=iC3H7+C2H6
C3H8+C2H5=NC3H7+C2H6
C3H8+aC3H5=C3H6+NC3H7
C3H8+aC3H5=C3H6+iC3H7
NC3H7(+m)=C2H4+CH3(+m)
Low pressure limit: 0.54850E+50
TROE centering: 0.21700E+01
8.00E+13
2.95E+13
1.40E+09
0.0
0.0
1.0
5.00E+13 0.0
1.00E+13 0.0
3.00E+13 0.0
1.00E+13 0.0
5.00E+13 0.0
2.00E+13 0.0
2.00E+13 0.0
4.00E+05 2.4
5.00E+13 0.0
5.00E+13 0.0
7.90E+22 -1.8
0.67448E+05
0.15000E+04 0
0.0
1113.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1000.0
0.0
0.0
88629.0
10000E+16
4.00E+13 0.0 48610.0
4.00E+13 0.0 51360.0
4.76E+04 2.5 16492.0
9.64E+03 2.6 13909.0
3.16E+07 1.8 934.0
7.08E+06 1.9 -159.0
3.73E+06 2.4 5504.0
5.48E+05 2.5 3139.0
1.30E+06 2.4 4471.0
1.33E+06 2.5 6756.0
9.04E-01 3.6 7153.0
1.51E+00 3.5 5480.0
1.00E+03 3.1 8830.0
6.00E+02 3.3 10500.0
1.51E+00 3.5 7470.0
9.03E-01 3.6 9140.0
2.35E+02 3.3 19842.0
7.83E+01 3.3 18169.0
1.23E+13 -0.1 30202.0
0.35766E+05
0.25100E+03 0.11850E+04
-0.28800E+01
0.10000E-14
5.000E+00
3.000E+00
2.000E+00
2.000E+00
-0.10000E+02
0.10000E-14
5.000E+00
2.000E+00
3.000E+00
2.000E+00
-0.11100E+02
0.10000E-14
5.000E+00
2.000E+00
3.000E+00
2.000E+00
5.00E+13
1.00E+14
7.58E+14
1.45E+15
2.50E+12
3.00E+13
9.64E+03
3.00E+10
3.12E+06
1.11E+06
2.11E+06
5.01E+07
1.58E+07
5.24E+11
0.0
0.0
0.0
0.0
0.0
0.0
2.6
0.0
2.0
2.0
2.0
1.8
1.8
0.7
-3532.0
7910.0
874.0
30000E+04
0.0
0.0
101300.0
98060.0
70000.0
80000.0
13910.0
-8280.0
-298.0
1451.0
2778.0
76.0
-1216.0
5884.0
194
3.58E+09 0.0
6.10E+20 -2.9
5.70E+09 1.2
0.93640E+04
0.26000E+03 0
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265. C3H6-+O=pC3H5+OH
266. C3H6+0=sC3H5+OH
267. C3H6-+H=C2H4+CH3
268. C3H6+H=aC3H5+H2
269. C3H6+H=sC3H5+H2
270. C3H6+H=pC3H5+H2
271. C3H6-+O2=pC3H5+HO2
272. C3H6+02=sC3H5+HO2
273. C3H6+02=aC3H5+H02
274. C3H6+CH3=aC3H5+CH4
275. C3H6+CH3=sC3H5+CH4
276. C3H6-+CH3=pC3H5+CH4
277. C3H6+HCO=aC3H5+CH20
278. CH3CHCO+OH=CH2CHCO+H20
279. CH3CHCO+O=CH2CHCO+OH
280. CH3CHCO+H=CH2CHCO+H2
281. CH3CiHCO+H=C2H5+CO
282. CH3CHCO+O=CH3+HCO+CO
283. CH2CHCHO+OH=CH2CHCO+H20
284. CH2CHCHO+O=CH2CHCO+OH
285. CH2CIIHCHO+O=CH2CO+HCO+H
286. CH2CHCHO+H=CH2CHCO+H2
287. CH2CHCHO+H=C2H4+HCO
288. CH2CHCHO+02=CH2CHCO+H02
289. CH2CHCO=C2H3+CO
290. CH2CHCO+0=C2H3+C02
291. aC3H5+02=CH2CHCHO+OH
292. aC3H5+-02=aC3H4+HO2
293. aC3H5+02=CH2HCO+CH20
294. aC3H'5+02=C2H2+CH20+OH
295. aC3H5+H02=CH2CHCHO+H+OH
296. aC3H5+OH=aC3H4+H20
297. aC3H5+-H=aC3H4+H2
298. aC3H5+-H=C3H6
299. aC3H5+0=CH2CHCHO+H
300. aC3H5+-CH3=aC3H4+CH4
301. aC3H5+-C2H2=C-C5H6+H
302. aC3H5+CH3=C4H8-1
303. aC3H5+C2H3=C-C5H6+H+H
304. pC3H5+02=CH3HCO+HCO
305. pC3H5+02=CH3CHCO+H+O
306. pC3H5+O=CH3CHCO+H
307. pC3H'5+H=pC3H4+H2
308. pC3H5+OH=pC3H4+H20
309. pC3H5+H=aC3H5+H
310. sC3H5+H=aC3H5+H
311. sC3H5+02=CH3CO+CH20
312. sC3H5+O=CH2CO+CH3
313. sC3H5+H=pC3H4+H2
314. sC3H5+OH=pC3H4+H20
315. aC3H4+H=H2CCCH+H2
316. aC3H4+O=C2H4+CO
317. aC3H4+OH=H2CCCH+H20
318. aC3H4=pC3H4
319. pC3H4+H=H2CCCH+H2
320. pC3H4+0=C2H4+CO
321. pC3H4-OH=H2CCCH+H20
322. pC3H4-CH3=H2CCCH+CH4
323. pC3H4-H=CH3+C2H2
324. pC3H4+H(+m)=sC3H5(+m)
Low pressure limit: 0.84500E+40
325. aC3H4+H(+m)=aC3H5(+m)
Low pressure limit: 0.55600E+34
326. aC3H4+H(+m)=sC3H5(+m)
Low pressure limit: 0.11100E+35
327. H2CCCH+02=CH2CO+HCO
328. H2CCCH+O=CH20+C2H
329. H2CCCH+H=C3H2+H2
-0.72700E+01
-0.50000E+01
-0.50000E+01
1.20E+11 0.7
6.03E+10 0.7
7.23E+12 0.0
1.73E+05 2.5
4.09E+05 2.5
8.04E+05 2.5
2.00E+13 0.0
2.00E+13 0.0
2.29E+12 0.0
2.22E+00 3.5
8.43E-01 3.5
1.35E+00 3.5
1.08E+07 1.9
4.00E+06 2.0
7.60E+08 1.5
2.00E+05 2.5
2.00E+13 0.0
3.00E+07 2.0
1.00E+13 0.0
7.24E+12 0.0
5.01E+07 1.8
3.98E+13 0.0
2.00E+13 0.0
3.00E+13 0.0
1.00E+14 0.0
1.00E+14 0.0
1.82E+13 -0.4
4.99E+15 -1.4
1.06E+10 0.3
2.78E+25 -4.8
1.00E+13 0.0
1.00E+13 0.0
5.00E+13 0.0
1.88E+26 -3.6
1.81E+14 0.0
3.02E+12 -0.3
2.95E+32 -5.8
1.76E+50 -11.0
1.59E+65 -14.0
1.09E+23 -3.3
1.60E+15 -0.8
1.00E+14 0.0
2.00E+13 0.0
1.00E+13 0.0
1.00E+14 0.0
1.00E+14 0.0
1.09E+22 -3.3
1.00E+14 0.0
4.00E+13 0.0
2.00E+13 0.0
5.00E+07 2.0
1.34E+07 1.9
2.00E+07 2.0
2.19E+14 0.0
1.00E+07 2.0
1.50E+13 0.0
8.00E+06 2.0
2.22E+00 3.5
1.00E+14 0.0
6.50E+12 0.0
0.65770E+04
1.20E+11 0.7
0.44480E+04
8.49E+12 0.0
0.44480E+04
3.00E+10 0.0
2.00E+13 0.0
5.00E+13 0.0
195
8959.0
7632.0
1302.0
2492.0
9794.0
12284.0
47600.0
44000.0
39200.0
5675.0
11656.0
12848.0
17010.0
0.0
8500.0
2500.0
2000.0
0.0
0.0
1970.0
76.0
4200.0
3500.0
36000.0
34000.0
0.0
22859.0
22428.0
12838.0
15468.0
0.0
0.0
0.0
5468.0
0.0
-131.0
25733.0
18600.0
61265.0
3892.0
3135.0
0.0
0.0
0.0
0.0
0.0
3892.0
0.0
0.0
0.0
5000.0
179.0
1000.0
68101.0
5000.0
2102.0
1000.0
5600.0
4000.0
2000.0
3007.0
2000.0
2868.0
0.0
3000.0
H2CCCH+OH=C3H2+H20
H2CCCH+C2H3=C-C5H5+H
H2CCCH+CH3=CH3CHCCH2
H2CCCH+CH3=CH3CH2CCH
H2CCCH+CH=HCCHCCH+H
H2CCCH+CH=H2CCCCH+H
H2CCCH+H(+m)=aC3H4(+m)
Low pressure limit: 0.33600E+46
H20
H2
C02
Enhanced by
Enhanced by
Enhanced by
Enhanced by
Enhanced by
C2H2 Enhanced by
337. H2CCCH+H(+m)=pC3H4(+m)
Low pressure limit: 0.87800E+46
H20 Enhanced by
H2 Enhanced by
C02 Enhanced by
CO Enhanced by
02 Enhanced by
C2H2 EnI
H2CCCH+H2CCCH=C6H5+H
C3H2+O2=HCCO+CO+H
C3H2+OH=C2H2+HCO
CHCHCHO+02=HCO+CHOCHO
CHCHCHO=C2H2+HCO
CHCHCHO+H=CH2CHCO+H
CHCHCHO+OH=HCCCHO+H20
CHCHCHO+H=HCCCHO+H2
HCCCHO+H=C2H2+HCO
HCCCHO+OH=HCCCO+H20
HCCCHO+H=HCCCO+H2
HCCCO+02=HCO+CO+CO
HCCCO+H=C2H2+CO
C4H10=C2H5+C2H5
C4H10=NC3H7+CH3
C4H10=pC4H9+H
C4H10=sC4H9+H
C4H10+02=pC4H9+H02
C4H10+O2=sC4H9+H02
C4H10+aC3H5=pC4H9+C3H6
C4H10+-aC3H5=sC4H9+C3H6
C4H10+CH3=pC4H9+CH4
C4H10+CH3=sC4H9+CH4
C4H10+H=pC4H9+-H2
C4H10+H=sC4H9+H2
C4HIO+OH=pC4H9+H20
C4H10+OH=sC4H9+H20
C4H10+0=pC4H9+OH
C4H10+O=sC4H9+OH
C4H10+HO2=pC4H9+H202
C4H10+HO2=sC4H9+H202
sC4H9=C3H6+CH3
sC4H9=C4H8-1+H
sC4H9=C4H8-2+H
pC4H9=C2H5+C2H4
pC4H9=C4H8-1+H
C4H8-1=C2H3f+C2H5
C4H8-1=H+C4H7
C4H8-1+CH3=C4H7+CH4
ianced by
-0.85200E+01
5. 000E+00
2. 000E+00
3.000E+00
2. 000E+00
2.000E+00
2. 000E+00
-0.89000E+01
5. 000E+00
2. 000E+00
3. 000E+00
2. 000E+00
2. 000E+00
2.000E+00
338.
339.
340.
341.
342.
343.
344.
345.
346.
347.
348.
349.
350.
351.
352.
353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
2.00E+13 0.0
9.63E+40 -7.8
5.00E+12 0.0
5.00E+12 0.0
7.00E+13 0.0
7.00E+13 0.0
1.66E+15 -0.4
0.62930E+04
1.66E+15 -0.4
0.79740E+04
3.00E+12
5. 00E+13
5. 00E+13
3. 00E+12
S1.00E+14
1.00E+14
1. 00E+13
2.00E+13
1. 00E+14
1.00E+13
4. 00E+13
1.40E+09
1. 00E+14
2.00E+16
1. 74E+17
1.00E+14
1.00E+14
2 .50E+13
4. 00E+13
7. 94E+11
3. 16E+11
2. 19E+11
2. 19E+11
5. 63E+07
1 .76E+07
4.13E+07
7. 23E+07
1. 13E+14
5. 62E+13
1.70E+13
1.12E+13
2. 00E+14
2.00E+13
5. 01E+12
2. 50E+13
1.26E+13
1 .00E+19
4. 11E+18
1.00E+11
5. 00E+13
1. 80E+05
9. 67E+04
2.25E+13
7.90E+10
4.00E+12
4.11E+18
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
2.0
1.7
1.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-1.0
-1. 0
0.0
0.0
2.5
2.5
0.0
0.0
0.0
-1.0
196
330.
331.
332.
333.
334.
335.
336.
0.0
28820.0
0.0
0.0
0.0
0.0
0.0
0.0
C4H8-1+H=C4H7+H2
C4H8-1+0=NC3H7+HCO
C4H8-1+0=CH2CHCHO+CH3+H
C4H8-1+OH=C4H7+H20
C4H8-1+aC3H5=C4H7+C3H6
C4H8-1+O02=C4H7+HO2
C4H8-2=H+C4H7
0.0
0.0
0.0
0.0
33000.0
0.0
0.0
0.0
3000.0
0.0
4200.0
0.0
0.0
81300.0
85700.0
100000.0
100000.0
49000.0
47600.0
20500.0
16400.0
11400.0
9600.0
7700.0
5000.0
753.0
-247.0
7850.0
5200.0
20460.0
17700.0
33200.0
40400.0
37900.0
28800.0
38600.0
96770.0
97350.0
7300.0
3900.0
-1029.0
-1029.0
2217.0
12400.0
33200.0
97350.0
384. C4H8-2+CH3=C4H7+CH4
385. C4H8-2+H=C4H7+H2
386. C4H8-2+O=iC3H7+HCO
387. C4H8-2+OH=C4H7+H20
388. C4H8-2+O=CH3CO+C2H5
389. C4H8-2+0=CH3+CH3CHCO+H
390. C4H8-2+02=C4H7+H02
391. C4H7-=CH2CHCHCH2+H
392. C4H7+OH=CH2CHCHCH2+H20
393. C4H7+CH3=CH2CHCHCH2+CH4
394. C4H7+aC3H5=C3H6+CH2CHCHCH2
395. C4H7+O2=CH2CHCHCH2+HO2
396. C4H7+H=CH2CHCHCH2+H2
397. CH2CHCHCH2+OH=CH2CHCHCH+H20
398. CH2CHCHCH2+OH=CH2CHCCH2+H20
399. CH2CHCHCH2+0=HCO+aC3H5
400. CH2CHCHCH2+0=CH2HCO+C2H3
401. CH2CHCHCH2+H=CH2CHCHCH+H2
402. CH2CHCHCH2+H=CH2CHCCH2+H2
403. CH3CH2CCH+OH=CH3CHCCH+H20
404. CH3CH2CCH+H=C2H5+C2H2
405. CH3CHCCH2+OH=CH2CHCCH2+H20
406. CH3CHCCH2+OH=CH3CCCH2+H20
407. CH3CHCCH2+OH=CH3CHCCH+H20
408. CH3CHCCH2+H=CH2CHCCH2+H2
409. CH3CHCCH2+H=CH3CCCH2+H2
410. CH3CI-HCCH2+H=CH3CHCCH+H2
411. CH3CHCCH2+H=CH3+aC3H4
412. CH3CHCCH+H=CH3+H2CCCH
413. CH3CHCCH+02=CH3CHCO+HCO
414. CH3CI-HCCH+OH=CH2CHCCH+H20
415. CH2CHCCH2+H=CH3+H2CCCH
416. CH2CHCCH2+H=CH3CCCH2+H
417. CH2CHCCH2+C2H2=C6H6+H
418. CH3CCCH2+H=CH3+H2CCCH
419. CH3CCCH2+02=CH3CO+CH2CO
420. CH3CCCH2+H=H2CCCCH2+H2
421. CH3CCCH2+OH=H2CCCCH2+H20
422. CH2CHCHCH+H=CH2CHCCH2+H
423. CH2CHCHCH+OH=CH2CHCCH+H20
424. CH2CHCHCH+H=CH2CHCCH+H2
425. CH2CHCHCH+C2H2=C6H6+H
426. CH3CHCCH(+m)=CH2CHCCH+H(+m)
Low pressure limit: 0.20000E+15
427. CH3CCCH2(+m)=H2CCCCH2+H(+m)
Low pressure limit: 0.20000E+15
428. CH2CHCCH2(+m)=CH2CHCCH+H(+m)
Low pressure limit: 0.20000E+16
429. CH2CHCHCH(+m)=CH2CHCCH+H(+m)
Low pressure limit: 0.10000E+15
430. CH2CHCHCH+02=CHCHCHO+CH20
431. CH2CHCH+02=CH2CHCCH+H02
432. CH3CCCH2+H2CCCH=C6H5CH2+H
433. CH3CHCCH+H2CCCH=C6H5CH2+H
434. CH3CCCH2+CH3CCCH2=CH3C6H4CH2+H
435. CH3CHCCH+CH3CHCCH=CH3C6H4CH2+H
436. H2CCCCH2+OH=H2CCCCH+H20
437. H2CCCCH2+H=H2CCCCH+H2
438. CH2CHCCH+OH=HCCHCCH+H20
439. CH2CHCCH+H=HCCHCCH+H2
440. CH2CHCCH+OH=H2CCCCH+H20
441. CH2CHCCH+H=H2CCCCH+H2
442. HCCHCCH+H=H2CCCCH+H
443. HCCH'CCH+C2H2=C6H5
444. HCCHCCH+02=HCCCHO+HCO
445. H2CC(CCH+O2=CH2CO+HCCO
446. H2CCCCH+OH=C4H2+H20
447. H2CCCCH+O=CH2CO+C2H
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
1.00E+11 0.0
5.00E+13 0.0
2.79E+06 2.1
3.90E+13 0.0
1.53E+07 1.9
8.22E+06 1.9
8.00E+13 0.0
1.00E+14 0.0
1.00E+13 0.0
8.00E+12 0.0
6.31E+12 0.0
1.00E+09 0.0
3.16E+13 0.0
2.00E+07 2.0
2.00E+07 2.0
6.02E+08 1.4
1.00E+12 0.0
3.00E+07 2.0
3.00E+07 2.0
1.00E+07 2.0
1.00E+14 0.0
2.00E+07 2.0
1.00E+07 2.0
2.00E+07 2.0
5.00E+07 2.0
1.50E+07 2.0
3.00E+07 2.0
2.00E+13 0.0
1.00E+14 0.0
4.16E+10 0.0
3.00E+13 0.0
1.00E+14 0.0
3.00E+13 0.0
3.00E+11 0.0
1.00E+14 0.0
4.16E+10 0.0
1.00E+14 0.0
1.00E+13 0.0
1.00E+14 0.0
2.00E+07 2.0
3.00E+07 2.0
1.60E+16 -1.3
1.00E+13 0.0
0.41000E+05
1.00E+13 0.0
0.48000E+05
1.00E+14 0.0
0.42000E+05
1.00E+14 0.0
0.30000E+05
1.00E+12 0.0
1.00E+07 2.0
3.00E+12 0.0
3.00E+12 0.0
3.00E+12 0.0
3.00E+12 0.0
2.00E+07 2.0
3.00E+07 2.0
7.50E+06 2.0
2.00E+07
1. 00E+07
3. 00E+07
1. 00E+14
2 .80E+03
3.00E+12
1. 00E+12
3. 00E+13
2. 00E+13
2.0
2.0
2.0
0.0
2.9
0.0
0.0
0.0
0.0
197
8200.0
3800.0
-1775.0
2217.0
-1476.0
-1476.0
37400.0
55000.0
0.0
0.0
0.0
0.0
0.0
5000.0
2000.0
-858.0
0.0
13000.0
6000.0
2000.0
3000.0
1000.0
2000.0
2500.0
5000.0
6000.0
6500.0
2000.0
0.0
2510.0
0.0
0.0
0.0
14900.0
0.0
2510.0
8000.0
0.0
0.0
1000.0
1000.0
5400.0
49000.0
56000.0
50000.0
37000.0
0.0
10000.0
0.0
0.0
0.0
0.0
2000.0
6000.0
5000.0
15000.0
2000.0
5000.0
0.0
1400.0
0.0
0.0
0.0
0.0
448. H2CCCCH+O=H2C40+H
449. H2CCCCH+H=C4H2+H2
450. H2CCCCH+CH2=aC3H4+C2H
451. H2CCCCH+C2H2=C6H5
452. H2CCCCH(+m)=C4H2+H(+m)
Low pressure limit: 0.20000E+16 0.00000E+00
453. HCCHCCH(+m)=C4H2+H(+m)
Low pressure limit: 0.10000E+15 0.00000E+00
454. C4H2+CH2=C5H3+H
455. C4H2+CH=C5H2+H
456. C4H2+CH2(s)=C5H3+H
457. C4H2+C2H=C6H2+H
458. C4H2+OH=H2C40+H
459. C4H2+0=C3H2+CO
460. H2C40+H=C2H2+HCCO
461. H2C40+OH=CH2CO+HCCO
462. 1-C5H8+OH=1-C5H7+H20
463. 1-C5H8+H=1-C5H7+H2
464. 1-C5H8+H=aC3H5+C2H4
465. C-C5H7=C-C5H6+H
466. C-C5H7=1-C5H7
467. 1-C5H7+O=CH2CHCHO+C2H3
468. 1-C5H7+H=1-C5H8
469. C-C5H6+02=C-C5H5+H02
470. C-C5H6+HO2=C-C5H5+H202
471. C-C5H6+OH=C-C5H5+H20
472. C-C5H6+0=C-C5H5+OH
473. C-C5H6+H=C-C5H5+H2
474. C-C5H64CH3=C-C5H5+CH4
475. C-C5H6+C2H3=C-C5H5+C2H4
476. C-C5H6+CH2CHCHCH=C-C5H5+CH2CHCHCH2
477. C-C5H6+C6H50=C-C5H5+C6H50H
478. C-C5H5+H=C-C5H6
479. C-C5H5+O=C-C5H40+H
480. C-C5H5+HO2=C-C5H50+OH
481. C-C5H5+OH=C-C5H40H+H
482. C-C5H50=CH2CHCHCH+CO
483. C-C5H40H=C-C5H40+H
484. C-C5H40=CO+C2H2+C2H2
485. C6H6+02=C6H5+HO2
486. C6H6+OH=C6H5+H20
487. C6H6+OH=C6H50H+H
488. C6H6+O=C6H50+H
489. C6H6+H=C6H5+H2
490. C6H5+H=C6H6
491. C6H5+OH=C6H50+H
492. C6H5+0=C-C5H5+CO
493. C6H5+02=C6H50+O
494. C6H5+02=OC6H40+H
495. OC6H40=C-C5H40+CO
496. C6H50=CO+C-C5H5
497. C6H50+H=C6H50H
498. C6H50+H=C-2*4C6H60
499. C6H50H+OH=C6H50+H20
500. C6H50H+CH3=C6H50+CH4
501. C6H5OH+H=C6H50+-H2
502. C6H50H+O=C6H50+OH
503. C6H50H+C2H3=C2H4+C6H50
504. C6H50OH+C6H5=C6H6+C6H50
505. C-2*4C6H60+H=C-C5H7+CO
NOTE: A units mole-cm-sec-K, E units cal/mole
2.00E+13 0.0
5.00E+13 0.0
2.00E+13 0.0
3.00E+1l 0.0
1.00E+14 0.0
0.48000E+05
1.00E+14 0.0
0.30000E+05
1.30E+13 0.0
1.00E+14 0.0
3.00E+13 0.0
9.60E+13 0.0
6.66E+12 0.0
1.20E+12 0.0
5.00E+13 0.0
1.00E+07 2.0
7.00E+06 2.0
7.00E+06 2.0
3.35E+08 1.5
3.16E+15 0.0
3.16E+15 0.0
2.00E+14 0.0
1.00E+14 0.0
5.00E+13 0.0
1.99E+12 0.0
3.43E+09 1.2
1.81E+13 0.0
2.19E+08 1.8
3.11E+11 0.0
6.00E+12 0.0
6.00E+12 0.0
3.16E+11 0.0
2.00E+14 0.0
1.00E+14 0.0
3.00E+13 0.0
3.00E+13 0.0
2.51E+11 0.0
2.10E+13 0.0
1.00E+15 0.0
6.30E+13 0.0
1.63E+08 1.4
6.70E+12 0.0
2.40E+13 0.0
3.03E+02 3.3
8.00E+13 0.0
5.00E+13 0.0
1.00E+14 0.0
2.60E+13 0.0
3.00E+13 0.0
1.00E+15 0.0
7.40E+11 0.0
1.00E+14 0.0
1.00E+14 0.0
2.95E+06 2.0
1.81E+11 0.0
1.58E+13 0.0
2.81E+13 0.0
6.00E+12 0.0
4.91E+12 0.0
2.51E+13 0.0
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0.0
0.0
0.0
14900.0
55000.0
36000.0
4326.0
0.0
0.0
0.0
-410.0
0.0
3000.0
2000.0
0.0
5000.0
2000.0
36000.0
39500.0
0.0
0.0
35400.0
11660.0
-447.0
3080.0
3000.0
5500.0
0.0
0.0
8000.0
0.0
0.0
0.0
0.0
43900.0
48000.0
78000.0
60000.0
1454.0
10592.0
4670.0
5690.0
0.0
0.0
0.0
6120.0
8981.0
78000.0
43850.0
0.0
0.0
-1310.0
7716.0
6100.0
7352.0
0.0
4400.0
4700.0
C.1.1 Reduced-model library used in 2-D propane/air Adap-
tive Chemistry simulation
Shown below is the library of reduced models used in the 2-D partially premixed
propane flame Adaptive Chemistry simulation presented in §5.2. The reference full-
chemistry model is shown above.
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!Includes 4 of 505 reactions
REGIONFLAME
0000000000000000000000000000000000000000
0000000000000010000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000001001000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000100000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000
VALID RANGE T(K), species (mol/cm3)
0. 351.22
1.E-50 7.48166861E-10
1.E-50 3.82570386E-18
1.E-50 6.01236821E-15
1.E-50 4.58837893E-17
1.E-50 1.67757074E-19
1.E-50 1.8074521E-19
1.E-50 6.41966987E-16
1.E-50 8.10910961E-20
1.E-50 3.09277006E-09
1.E-50 2.28073904E-10
1.E-50 1.70576486E-05
1.E-50 8.57213339E-13
1.E-50 4.17952072E-13
1.E-50 4.87965266E-13
1.E-50 9.15195028E-13
1.E-50 1.49720114E-08
1.E-50 9.40119131E-20
I.E-50 5.73522425E-20
1.E-50 6.76155914E-16
1.E-50 8.70045591E-20
1.E-50 9.62999299E-15
1.E-50 8.09693565E-20
1.E-50 1.00161055E-16
1.E-50 7.58235716E-20
1.E-50 7.58235716E-20
1.E-50 5.8552376E-17
1.E-50 6.02484032E-20
1.E-50 6.18444493E-20
1.E-50 1.67757074E-19
1.E-50 2.05965694E-17
1.E-50 4.70059565E-20
1.E-50 3.88084171E-18
1.E-50 9.86750269E-19
1.E-50 3.17636792E-20
1.E-50 9.79566304E-20
1.E-50 5.87966923E-20
1.E-50 1.95913261E-19
1.E-50 7.83689202E-20
1.E-50 6.81002542E-20
1.E-50 4.60781717E-20
1.E-50 4.60781717E-20
1.E-50 3.05179971E-20
1.E-50 3.01242016E-20
1.E-50 2.52737717E-20
1.E-50 4.43283028E-20
1.E-50 1.44781242E-18
1.E-50 3.56213399E-20
1.E-50 1.49125713E-19
1.E-50 6.75849846E-16
1.E-50 5.46662851E-20
200
1.E-50 3.61490419E-20
1.E-50 2.90171229E-20
1.E-50 3.55978289E-20
1.E-50 2.50030875E-20
1.E-50 2.90171229E-20
1.E-50 5.49028193E-18
1.E-50 2.7238688E-19
1.E-50 4.11991384E-20
1.E-50 4.11991384E-20
1.E-50 1.93448027E-19
1.E-50 4.19392686E-20
1.E-50 4.27064777E-20
1.E-50 3.1280056E-16
1.E-50 1.72579033E-18
1.E-50 5.72913201E-20
1.E-50 5.72913201E-20
1.E-50 2.33091828E-17
1.E-50 4.08126656E-19
1.E-50 2.56481548E-17
I.E-50 9.08189791E-20
1.E-50 1.65207085E-19
1.E-50 5.87468829E-18
1.E-50 3.69854952E-17
1.E-50 7.28670336E-18
1.E-50 4.05455481E-20
I.E-50 1.11586349E-16
I.E-50 5.46109326E-20
1.E-50 5.46109326E-20
1.E-50 4.35022796E-20
1.E-50 4.43283028E-20
1.E-50 2.53786566E-18
1.E-50 4.43283028E-20
1.E-50 1.34167684E-19
1.E-50 2.23765953E-20
1.E-50 8.48204561E-20
1.E-50 3.50631736E-20
1.E-50 3.45443409E-20
1.E-50 3.50631736E-20
1.E-50 4.51863024E-20
1.E-50 4.27403208E-20
1.E-50 4.35373962E-20
1.E-50 4.43647662E-20
1.59963779E-05 4.84274198E-05
!Includes 8 of 505 reactions
REGION_FLAME
0000110000000000000000000000000000000000
0000000000000011000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000001001000000000000000000000000
0 01.E-50 0 1 7317 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 03E-130 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1K -50 3 45736058K-13
1K -50 1 03357501E-17
201
1.E-50 1.45967181E-07
1.E-50 7.8868259E-09
1.E-50 1.57609743E-05
1.E-50 7.40724113E-11
1.E-50 1.24787971E-10
1.E-50 7.59061822E-11
1.E-50 5.01400384E-11
1.E-50 3.60601915E-07
1.E-50 8.74711837E-20
1.E-50 5.33620515E-20
1.E-50 6.60514317E-14
1.E-50 8.09513553E-20
1.E-50 6.66757609E-13
1.E-50 3.79225012E-19
1.E-50 8.50263093E-15
1.E-50 7.05482672E-20
1.E-50 6.07556729E-19
1.E-50 1.17573214E-14
1.E-50 9.39621576E-20
1.E-50 5.75417201E-20
1.E-50 1.56085643E-19
1.E-50 5.98286119E-15
i.E-50 4.37355919E-20
1.E-50 7.63122767E-16
1.E-50 2.20767554E-16
1.E-50 4.33539212E-18
1.E-50 9.11414536E-20
1.E-50 5.4706006E-20
1.E-50 1.82282907E-19
1.E-50 7.29165272E-20
1.E-50 2.0994181E-17
1.E-50 4.28723561E-20
1.E-50 4.28723561E-20
1.E-50 2.8394756E-20
1.E-50 8.22545468E-20
1.E-50 1.99842372E-18
1.E-50 4.12442316E-20
1.E-50 9.82105341E-16
1.E-50 2.38424826E-18
I.E-50 1.21040477E-16
1.E-50 8.44074857E-14
i.E-50 6.73109775E-19
I.E-50 3.36340298E-20
1.E-50 5.40891839E-18
1.E-50 3.31211666E-20
1.E-50 1.65395029E-19
1.E-50 4.94641623E-19
1.E-50 3.58579116E-15
1.E-50 9.49273594E-17
1.E-50 3.83327738E-20
1.E-50 3.83327738E-20
1.E-50 7.38872569E-17
1.E-50 2.2806066E-19
1.E-50 3.97352425E-20
1.E-50 9.54478248E-14
1.E-50 1.90956251E-15
1.E-50 5.33053676E-20
1.E-50 5.33053676E-20
1.E-50 9.33646072E-15
I.E-50 1.15692898E-16
1.E-50 1.20387037E-14
1.E-50 1.2539868E-18
1.E-50 1.44771976E-16
1.E-50 3.94939987E-15
1.E-50 1.69250019E-14
I.E-50 6.48180837E-16
I.E-50 1.77561081E-18
I.E-50 3.71890057E-14
202
1.E-50 1.8199005E-19
1.E-50 5.08114639E-20
1.E-50 2.14046578E-18
1.E-50 4.12442316E-20
1.E-50 1. 84271789E-15
1.E-50 4 .12442316E-20
1.E-50 3.76644714E-17
1.E-50 1.42750875E-19
1i.E-50 7.07801144E-17
1.E-50 3.2623709E-20
1.E-50 3.21409733E-20
1.E-50 3.2623709E-20
1.E-50 4.36237335E-18
1.E-50 3.97667309E-20
1.E-50 2.60139427E-19
1.E-50 4.12781582E-20
1.19750382E-05 4.60077941E-05
!Includes 31 of 505 reactions
REGIONFLAME
1101111111111110i11001i01010 0 0 0 0 0 01 0 0 0 00000000000000011000000000000000000000000
0000000000000000000000000000000000000000
0000000100000000000000000000000000000000
0000000000001001000000000000000000000000
0000000000000000000000000000000000000000
0000000000000100000001000000000100000000
0000000000000000000000001000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000
VALID RANGE T(K), species (mol/cm3)
341.27 641.26
1.E-50 9.64898831E-09
1.E-50 3.365029E-09
1.E-50 2.6212006E-13
1.E-50 7.39185469E-15
1.E-50 3.23973486E-19
1.E-50 1.26142984E-19
1.E-50 2.34842198E-13
1.E-50 9.03401404E-15
1.E-50 4.1414752E-07
1.E-50 3.2634675E-08
1.E-50 1.13997041E-05
1.E-50 4.2007913E-09
1.E-50 6.43081207E-09
1.E-50 9.47377766E-10
1.E-50 1.63428241E-10
1.E-50 7.39763151E-07
1.E-50 6.56113835E-20
1.E-50 1.02582342E-19
1.E-50 1.6904224E-13
1.E-50 2.32606145E-19
1.E-50 1.55240734E-12
1.E-50 4.4465347E-18
1.E-50 2.03490783E-14
1.E-50 8.4529171E-18
1.E-50 7.88619438E-18
1.E-50 6.74971677E-14
1.E-50 2.10692602E-17
i.E-50 4.31615499E-20
i.E-50 2.36320407E-18
1.E-50 2.58157436E-14
1.E-50 1.84403035E-18
1.E-50 5.11869965E-15
1.E-50 1.7705454E-15
1.E-50 2.01717584E-170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I.E-50 2.01717584F-17
203
1.E-50 6.83644214E-20
1.E-50 4.10345051E-20
1.E-50 1.36728843E-19
1.E-50 4.42916252E-19
1.E-50 6.69805367E-17
1.E-50 3.2158186E-20
1.E-50 3.74818616E-20
1.E-50 2.12986625E-20
1.E-50 1.75604171E-19
1.E-50 8.65885888E-18
1.E-50 3.09369438E-20
1.E-50 4.09817813E-15
1.E-50 7.97472874E-18
1.E-50 9.88822311E-16
1.E-50 2.23481861E-13
1.E-50 3.13764619E-18
1.E-50 4.82634617E-20
1.E-50 1.77525173E-17
1.E-50 2.69364353E-20
1.E-50 5.57388754E-19
1.E-50 2.64986517E-18
1.E-50 1.73192374E-14
1.E-50 3.35315114E-16
1.E-50 7.30554757E-18
1.E-50 4.44429002E-17
1.E-50 6.64165318E-16
1.E-50 2.6869642E-18
1.E-50 4.39318679E-19
1.E-50 5.2285807E-13
1.E-50 1.79582105E-14
1.E-50 3.99838983E-20
1.E-50 5.88605229E-20
1.E-50 4.21513079E-14
I.E-50 5.70523591E-16
1.E-50 5.56388322E-14
1.E-50 6.45766762E-19
1.E-50 7.85338377E-16
i.E--50 1.43464907E-14
1.E-50 8.15911232E-14
1.E-50 2.83525673E-15
1.E-50 1.09163419E-17
1.E-50 3.38549669E-13
1.E-50 1.0278153E-17
1.E-50 1.15503051E-18
1.E-50 7.85009306E-18
1.E-50 3.09369438E-20
1.E-50 8.91843203E-15
1.E-50 3.09369438E-20
1.E-50 1.1756083E-16
1.E-50 6.09227348E-19
1.E-50 3.48630448E-16
1.E-50 2.44707639E-20
1.E-50 2.4108668E-20
1.E-50 2.44707639E-20
1.E-50 1.48633298E-17
1.E-50 2.98286833E-20
1.E-50 1.0049092E-18
1.E-50 3.09623918E-20
8.07141458E1-06 3.4687265E-05
ncludes 32 of 505 reactions
REGION_FLAME
1111111
0000000
0000000
0000000
0000000
0000000
00000000 0 0 0 0 0 0
111
000
000
000
000
000
000
0 0 0
111
000
000
000
000
000
0000 0 0
11 0 111110 111
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
111111001
000000000
000000000
000000000
000000000
000000000
000000000
204
10 1
000
000
000
000
000
0000 0 0
0 0 0
000
000
000
000
000 0 0
!I
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
1142.1 1342.1
1.E-50 1.85299912E-08
I.E-50 2.13112677E-08
1.E-50 2.63436267E-14
1.E-50 2.4335621E-15
1.E-50 9.06182559E-18
1.E-50 4.43342245E-20
1.E-50 1.59215627E-14
1.E-50 7.84296156E-14
1.E-50 1.0394808E-06
1.E-50 8.02706432E-08
1.E-50 2.72176974E-06
1.E-50 3.73319675E-08
1.E-50 2.73005335E-08
1.E-50 2.1949669E-10
1.E-50 2.82736182E-11
1.E-50 1.18615943E-06
1.E-50 1.47039751E-19
1.E-50 1.89272145E-17
1.E-50 6.48497283E-14
1.E-50 1.45531791E-17
1.E-50 1.27189594E-13
1.E-50 2.69565745E-19
1.E-50 2.1419827E-17
1.E-50 1.5397149E-18
1.E-50 3.52889846E-18
1.E-50 7.19329609E-13
1.E-50 8.52747465E-17
1.E-50 1.51695622E-20
1.E-50 9.51792656E-20
1.E-50 1.58482041E-14
1.E-50 1.96341804E-16
1.E-50 1.59950325E-14
1.E-50 6.15682039E-15
1.E-50 3.53728981E-17
1.E-50 2.40273657E-20
1.E-50 1.44219909E-20
1.E-50 4.80547314E-20
1.E-50 2.91083472E-19
1.E-50 7.01050506E-17
1.E-50 1.37072848E-20
1.E-50 3.31749667E-18
1.E-50 7.48562984E-21
1.E-50 7.38903742E-21
1.E-50 4.45007169E-19
1.E-50 1.08731011E-20
1.E-50 5.80054194E-16
1.E-50 5.7626146E-17
1.E-50 2.59786893E-18
1.E-50 5.16874628E-15
1.E-50 6.13231922E-18
1.E-50 3.21533079E-19
1.E-50 4.5253926E-20
1.E-50 2.85732103E-20
1.E-50 4.93420438E-20
1.E-50 8.38497562E-19
1.E-50 2.23762204E-14
1.E-50 9.93031472E-21
1.E-50 1.01055616E-20
1.E-50 1.01055616E-20
1.E-50 7.91817633E-20ooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooo
205
1.E-50 1.0287105E-20
1.E-50 1.84970835E-20
1.E-50 1.09976057E-15
1.E-50 3.39110463E-16
1.E-50 6.01235479E-20
1.E-50 6.53675877E-19
1.E-50 6.20020553E-16
1.E-50 3.69751427E-17
1.E-50 2.92894513E-16
1.E-50 1.34088608E-20
1.E-50 1.21843378E-15
1.E-50 4.61134712E-20
1.E-50 5.19037785E-16
1.E-50 5.5841149E-17
1.E-50 9.94524522E-21
1.E-50 4.65808365E-17
1.E-50 2.40194492E-19
1.E-50 2.15787978E-20
1.E-50 2.22007691E-20
1.E-50 8.43383145E-19
1.E-50 1.0184626E-14
1.E-50 1.24113367E-20
1.E-50 1.26390194E-19
1.E-50 4.34680149E--19
1.E-50 3.85911709E-16
1.E-50 8.60049687E-21
1.E-50 8.47323462E-21
1.E-50 8.60049687E-21
1.E-50 7.41609173E-19
1.E-50 1.04835917E-20
1.E-50 8.63343858E-18
I.E-50 2.15865771E-20
3.55588435E-06 1.15989004E-05
!Includes 32 of 50
REGIONFLAME
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
00000000000000
VALID RANGE T(K), species
1342.4 1642.7
1.E-50 2.33196861E-08
1.E-50 2.7320613E-08
1.E-50 4.08447646E-16
1.E-50 4.96790634E-17
1.E-50 2.70377332E-17
1.E-50 7.75506838E-19
1.E-50 2.95002841E-16
1.E-50 1.0219398E-13
1.E-50 1.13347086E-06
1.E-50 1.02411823E-07
1.E-50 1.91353426E-06
1.E-50 4.80846747E-08
1.E-50 4.48196599E-08
1.E-50 8.92718321E-11
I.E-50 1.27393392E-11
1.E-50 1.2629913E-06
i.E-50 6.89520032E-19
I.E-50 3.50467856E-17
5 reactions
10111100111111111011101000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000
(mol/cm3)
206
1.E-50 5.41295126E-15
1.E-50 7.79631571E-19
1.E-50 1.52710748E-15
1.E-50 3.82621981E-20
1.E-50 7.29177015E-20
1.E-50 1.05794093E-18
1.E-50 5.71889489E-20
1.E-50 3.04840232E-13
1.E-50 9.39674005E-19
1.E-50 5.92588135E-20
1.E-50 4.31339265E-20
1.E-50 6.50075107E-16
1.E-50 6.93809012E-16
1.E-50 2.13576432E-14
1.E-50 9.11154578E-15
1.E-50 2 .071137E-17
1.E-50 2.03065984E-20
1.E-50 2.091143E-18
1.E-50 1.61116054E-19
1.E-50 1.87883191E-19
1.E-50 .43140845E-18
1.E-50 3.78308328E-20
1.E-50 1.02600523E-17
1.E-50 6.32643965E-21
1.E-50 8.66343556E-21
1.E-50 4.33420851E-19
1.E-50 9.18934266E-21
1.E-50 3.66606533E-18
1.E-50 1.51431708E-16
1.E-50 2.75102649E-20
1.E-50 3.72619218E-17
1.E-50 1.48622006E-19
1.E-50 4.00934536E-19
1.E-50 6.01530553E-21
1.E-50 3.94783552E-20
1.E-50 5.72999102E-20
1.E-50 1.18691186E-19
1.E-50 6.12612601E-15
1.E-50 8.39255188E-21
1.E-50 8.54066083E-21
1.E-50 8.54066083E-21
1.E-50 8.69409126E-21
1.E-50 8.69409126E-21
1.E-50 8.85313519E-21
1.E-50 2.78575909E-20
1.E-50 2.14739285E-20
1.E-50 1.18766011E-20
1.E-50 1.18766011E-20
1.E-50 6.79763925E-20
1.E-50 1.62677588E-20
1.E-50 1.3625447E-20
1.E-50 1.13324263E-20
1.E-50 5.91096204E-16
1.E-50 8.86015092E-21
1.E-50 3.59710353E-20
1.E-50 1.10731342E-20
1.E-50 8.4051703E-21
1.E-50 1.10621784E-20
1.E-50 1.13209517E-20
1.E-50 1.13209517E-20
1.E-50 9.01810644E-21
1.E-50 1.40593382E-18
1.E-50 2.11747604E-15
1.E-50 9.18934266E-21
1.E-50 9.01810644E-21
1.E-50 5.77084641E-21
1.E-50 7.2700942E-17
i.E-50 7.2686635E-21
207
1.E-50 7.16110849E-21
1.E-50 7.2686635E-21
1.E-50 6.04161872E-19
1.E-50 8.86015092E-21
1.E-50 4.1671018E-19
1.E-50 1.14163446E-20
2.82826642E-06 9.7581707E-06
!Includes
REGIONFLAME
111
000
000
000
000
000
000
000
000
000
000
000
0000 0 0
111
000
000
000
000
000
000
000
000
000
000
000
0000 0 0
34 of
111
000
000
000
000
000
000
000
000
000
000
000
0000 0 0
111
000
000
000
000
000
000
000
000
000
000
000
0000 0 0VALID RANGE T(K), spec
2143.7 2343.7
1.E-50 1.38306263E-07
1.E-50 6.36441321E--08
I.E-50 8.40588815E-20
1.E-50 4.31642112E-19
1.E-50 4.2004133E-19
1.E-50 1.48188095E--19
1.E-50 2.97914297E-15
1.E-50 5.02600516E-13
1.E-50 1.25276384E-06
1.E-50 4.8593476E-07
I.E-50 1.91808675E-07
1.E-50 2.85768856E-08
1.E-50 9.29444005E-08
1.E-50 9.02934344E-12
I.E-50 1.10828575E-12
1.E-50 1.574506E-06
1.E-50 8.07479858E-20
I.E-50 1.10850012E-18
1.E-50 6.08343412E-18
1.E-50 1.15196801E-20
1.E-50 1.76449396E-20
1.E-50 1.07206001E--20
1.E-50 1.03612386E-20
1.E-50 1.166145E-19
1.E-50 1.00392818E-20
1.E-50 1.16259577E-19
1.E-50 7.97708002E-21
1.E-50 3.78401727E-20
1.E-50 2.22115697E-20
1.E-50 8.83825328E-19
1.E-50 1.04206511E-17
1.E-50 1.63591428E-17
1.E-50 1.39296354E-17
1.E-50 4.20561206E-21
I.E-50 1.29697691E-20
1.E-50 5.74879129E-19
1.E-50 2.53025977E-19
1.E-50 1.62853379E-18
1.E-50 5.98281002E-21
1.E-50 6.10089634E-21
1.E-50 1.91728492E-19
1.E-50 4.04067978E-21
1.E-50 3.98854001E-21
1.E-50 3.34632768E-21
505 reactions
111 10 0 0 1 11111111 1111
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
00000000000 0 0 0 0 0 0 0 0 0
111
000
000
000
000
000
000
000
000
000
000
000
0000 0 0ies (mol/cm3)
208
0 0 0
000
000
000
000
000
000
000
000
000
000
0000 0 0
1.E-50 5.86920815E-21
1.E-50 5.86920815E-21
1.E-50 6.82932105E-19
1.E-50 5.75984004E-21
1.E-50 9.72347261E-21
1.E-50 7.23798986E-21
1.E-50 4.78624801E-21
1.E-50 3.84195927E-21
1.E-50 4.71326566E-21
1.E-50 3.31048824E-21
1.E-50 3.84195927E-21
1.E-50 3.89031391E-21
1.E-50 5.36030004E-21
1.E-50 5.45489683E-21
1.E-50 5.45489683E-21
1.E-50 5.55289243E-21
1.E-50 5.55289243E-21
I.E-50 5.65447335E-21
1.E-50 7.40385657E-21
1.E-50 7.58555283E-21
1.E-50 7.58555283E-21
1.E-50 7.58555283E-21
1.E-50 5.55721374E-21
1.E-50 7.77639137E-21
1.E-50 7.77639137E-21
1.E-50 7.23798986E-21
1.E-50 3.41874858E-21
1.E-50 5.65895428E-21
1.E-50 5.55721374E-21
1.E-50 7.0723807E-21
1.E-50 5.3683594E-21
1.E-50 7.06538323E-21
1.E-50 7.23066101E-21
1.E-50 7.23066101E-21
1.E-50 5.75984004E-21
I.E-50 5.86920815E-21
1.E-50 2.8822448E-21
1.E-50 5.86920815E-21
1.E-50 5.75984004E-21
1.E-50 2.96273232E-21
1.E-50 3.31048824E-21
1.E-50 4.6424756E-21
1.E-50 4.57378051E-21
1.E-50 4.6424756E-21
I.E-50 5.98281002E-21
1.E-50 5.65895428E-21
I.E-50 5.76448959E-21
1.E-50 5.87403602E-21
1.74618453E-06 5.92299448E-06
!Includes 34 of 505 reactions
REGION_FLAME
111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000001000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000     0 0          0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0
0000000000000000000000000
VALID RANGE T(K), species (mol/cm3)
2243.8 2435.5
1.E-50 1.14724801E-07
1.E-50 3.78971702E-08
209
1.E-50 2.12642658E-20
1.E-50 2.47213885E-20
1.E-50 2.12319685E-20
1.E-50 2.28757959E-20
1.E-50 2.42692368E-15
1.E-50 2.5438967E-13
1.E-50 1.24519166E-06
1.E-50 4.44553987E-07
1.E-50 1.00248524E-07
1.E-50 1.7904456E-08
I.E-50 8.1148288E-08
1.E-50 9.0308992E-12
1.E-50 7.8447173E-13
1.E-50 1.58252024E-06
1.E-50 1.18985025E-20
1.E-50 7.25871626E-21
1.E-50 1.14378979E-20
1.E-50 1.10116254E-20
1.E-50 1.06159842E-20
1.E-50 1.02477873E-20
1.E-50 9.90427485E-21
1.E-50 3.95436943E-20
1.E-50 9.59651739E-21
1.E-50 7.08466825E-21
1.E-50 7.62526529E-21
1.E-50 7.8272669E-21
1.E-50 2.12319685E-20
1.E-50 7.08466825E-21
1.E-50 5.94925126E-21
1.E-50 4.7980445E-21
1.E-50 4.72137502E-21
1.E-50 4.02013112E-21
1.E-50 1.23977608E-20
1.E-50 7.44153129E-21
1.E-50 3.37694609E-20
1.E-50 2.08909764E-18
1.E-50 5.71894896E-21
1.E-50 5.83182731E-21
1.E-50 5.83182731E-21
1.E-50 3.86247289E-21
1.E-50 3.81263264E-21
1.E-50 3.19874393E-21
1.E-50 5.6103573E-21
1.E-50 5.6103573E-21
1.E-50 4.50837122E-21
1.E-50 5.50581268E-21
1.E-50 9.29463637E-21
1.E-50 6.91877136E-21
1.E-50 4.57515917E-21
1.E-50 3.67251658E-21
1.E-50 4.50539557E-21
1.E-50 3.16448512E-21
1.E-50 3.67251658E-21
1.E-50 3.71873863E-21
1.E-50 5.12389367E-21
1.E-50 5.21431844E-21
1.E-50 5.21431844E-21
1.E-50 5.30799211E-21
1.E-50 5.30799211E-21
I.E-50 5.405093E-21
1.E-50 7.07732282E-21
1.E-50 7.25100569E-21
1.E-50 7.25100569E-21
1.E-50 7.25100569E-21
1.E-50 5.31212285E-21
1.E-50 7.43342765E-21
1.E-50 7.43342765E-21
1.E-50 6.91877136E-21
210
i.E--50 3.26797084E-21
I.E-50 5.4093763E-21
1.E-50 5.31212285E-21
1.E-50 6.76046609E-21
1.E-50 5.13159758E-21
i.E--50 .75377724E-21
1.E--50 6.91176574E-21
i.E--50 6.91176574E-21
i.E--50 ~•.50581268E-21
1.E-50 5. 6103573E-21
1.E-50 2.75512858E-21
1.E-50 5.6103573E-21
1.E-50 5.50581268E-21
I.E-50 2.83206635E-21
i.E-50 3.16448512E-21
i.E-50 4 .43772758E-21
1.E-50 4.37206216E-21
1.E-50 4 .43772758E-21
1.E-50 5 .71894896E-21
1.E-50 5.4093763E-21
1.E-50 5. 51025717E-21
1.E-50 5.61497225E-21
1.70105496E-06 5.52118686E-06
!Includes 183 of 505 reactions
REGICNFLAME
1 1 1
000
001
001
000
101
000
000
000
000
000
1 1 1
110
111
111
111
1 1 0010110
001
000
000
100
00000 0
111111
111111
111000
100000
111110
111001
010001
100000
110000
000000
000000
100101
000000
VALID RANGE T(K), species
2043.6 2243.4
1.E-50 1.58537154E-07
I.E-50 9.39415736E-08
I.E-50 4.64343411E-13
1.E-50 1.86023868E-12
1.E-50 2.02816654E-12
1.E-50 2.2052727E-13
1.E-50 1.96868213E-12
1.E-50 1.48334928E-12
1.E-50 1.24144096E-06
1.E-50 5.48218521E-07
i.E-50 3.24192789E-07
I.E-50 4.09441851E-08
I.E-50 1.00293465E-07
1.E-50 1.02101212E-11
1.E-50 1.6612911E-12
1.E-50 1.58172067E-06
1.E-50 5. 26330267E-14
1.E-50 1.36552647E-12
1.E-50 1.05731878E-11
1.E-50 6.70426537E-13
1.E-50 2.76847503E-12
1.E-50 1.49312842E-15
1 . E-50 5.55181632E-15
1.E-50 8.28588933E-14
1.E-50 2.97679045E-15
1.E-50 1.20526539E-13
I.E-50 9.28120095E-14
i.E-50 4.30089257E-14
111
011
001
010
011
111
000
001
010
000
000
100
000
1 1 1
111
100
000
000
0 0 1
000
110
011
000
000
110
000
(mol/cm3)
1 0 1 1 1 1 1 1 1 1 1 1
111111000001
111101001 101
00000000000
000000000000
000000000000
000000000000
000000000000
100000000000
00000
211
Ii
L 1
1i
11i i
00
1 0
00
0 1
10
0 0
00
00
00
001
010
011
000
000
000
001
000
000
000
000
110
100
001
000
000
000
111
000
000
000
000
11
11
11
00
11
00
00
01
00
00
00
00
1.E-50 1.51374538E-13
1.E-50 1.0984768E-12
1.E-50 2.33566984E-13
1.E-50 9.82226381E-14
1.E-50 7.86449975E-14
1.E-50 4.34475241E-16
1.E-50 3.21038994E-15
1.E-50 5.82694998E-13
1 .E-50 7.32431409E-13
1.E-50 1.67617692E-13
1.E-50 2.55190763E-16
1.E-50 7.049093E-17
1.E-50 5.64644357E-15
1.E-50 3.81624421E-19
1.E-50 7.02627579E-17
1.E-50 4.08049465E-18
1.E-50 1.40444483E-17
1.E-50 2.06158789E-16
1.E-50 1.44204115E-14
1.E-50 6.52686829E-17
1.E-50 3.12380057E-14
1.E-50 1.88654174E-15
1.E-50 2.62003151E-17
1.E-50 2.04867405E-20
1.E-50 1.73910986E-18
1.E-50 3.38044729E-17
1.E-50 4.02848202E-21
1.E-50 2.49811211E-17
1.E-50 4.43362735E-19
1.E-50 5.71972586E-21
1.E-50 5.71972586E-21
1.E-50 1.04478788E-18
1.E-50 5.98834285E-18
1.E-50 1.01901341E-19
1.E-50 4.27898152E-15
1.E-50 9.0854311E-15
1.E-50 1.04473447E-15
1.E-50 2.43726923E-16
1.E-50 8.7296339E-14
1.E-50 1.39275034E-14
1.E-50 6.57106435E-15
1.E-50 1.15210489E-17
1.E-50 4.81904267E-21
1.E-50 5.29489855E-18
1.E-50 3.71433869E-15
1.E-50 1.62171614E-15
1.E-50 4.66380998E-20
1.E-50 3.80755101E-15
1.E-50 2.04642577E-15
1.E-50 6.39526349E-16
1.E-50 1.87798226E-20
1.E-50 1.80212201E-16
1.E-50 5.64078928E-19
1.E-50 2.69889447E-18
1.E-50 6.03947371E-21
1.E-50 3.1065696E-21
1.E-50 4.36561082E-18
1.E-50 4.8678625E-21
I.E-50 4.79583234E-21
1.E-50 4.8678625E-21
1.E-50 1.83718402E-16
1.E-50 5.93369006E-21
1.E-50 1.79824583E-17
1.E-50 8.01206263E-18
1.81146188E-06 6.2913345E-06
!Includes 384 of 505 reactions
REGION FLAME
11111111111 1111111111111111111 1111101111
212
1111111111
1111110010
0 1111111 1 11
0011111111
1111101001
1110111111
1111111011
1011111111
1111110011
0111111 111
1001111110
00 000 00001
VALID RANGE T(K),
541.38 841.44
11
11
11
11
11
11
00
0 1
11
11
0 1
11
111
000
111
110
011
110
101
100
111
111
100
110
1 1 0
111
111
111
111
110
001
111
111
011
101
001
011
species (mol/cm3)
111
101
111
110
010
111
110
111
110
111
111
100
1.E-50
1.E-50
1.E-50
1. E-50
1.E-50
I .E-50
1.E-50
1.E-50
1.E-50
1.E-50
1. E-50
1. E-50
1 .E-50
1. E-50
1. E-50
1. E-50
1. E-50
1. E-50
i. E-50
1 .E-50
1 .E-50
1. E-50O
1. E-50
1.E-50
1.E- 50
1.E-50
1.E-50
1.E-50
1.E-50
1.E-50
1.E-50
1.E-50
1.E-50S
1.E-50
1 .E-50
1. E-50. - SO
1.E-50
1 .E-50
1.E-50
1.E-50
1.E-50
1.E-50
1.E-50
1. E-50
1.E-50
1.E-50
1.E-50
1 .E-50
1.E-50
1.E-50
1.E-50
1.E-50
111
011
111
001
101
111
101
000
110
111
000
0000 0 0
111
111
110
111
010
111
111
001
111
011
001
0
1 0
0 1
1 1
11
11
11
11
0 1
11
11
1 0
0 1
11
11
0 1
11
1 1
11
11
11
1 1
10
111
111
110
000
111
100
111
000
111
001
0000 0 0
111
111
011
011
111
011
101
000
111
100
011
0 1 1
2.28316129E-07
9.09896626E-09
1.90246531E-08
1.40387005E-08
5.45882511E-11
6.45980683E-14
1.50229032E-08
1.11472291E-10
6.1444339E-07
4.45645021E-07
7.12741853E-06
1. 28985234E-08
1. 848651E-08
3.74775541E-09
6. 30876168E-10
1.11287268E-06
1. 34477269E-13
6.88436417E-11
8. 39839287E-09
8.47188572E-11
1.47188857E-07
2.75214678E-09
5.36081584E-08
2.99726999E-12
1. 63025343E-10
1.33126206E-11
6.10834635E-10
4.73145815E-13
9.29679615E-13
5.90677325E-09
3.41038724E-11
1.68831303E-12
2.30273547E-12
2.30206549E-13
8.69701324E-17
1.13193788E-13
4.81568855E-14
4.44136233E-12
4.76556022E-11
1.88514733E-14
1.74566909E-12
2.30043456E-13
4.14328254E-12
1. 81424163E-12
1. 84868645E-12
1.18574522E-10
4.87664 7 7 1E-12
1.15276877E-09
2.50322683E-09
4.61498338E-11
5.39368961E-13
1.32278825E-12
3.67668088E-12
1.59196916E-11
213
1.E-50 3.23500281E-15
1.E-50 2.90332398E-12
1.E-50 1.47934729E-08
1.E-50 2.8147755E-12
1.E-50 3.8189554E-12
1.E-50 2.21807617E-09
1.E-50 3.78411018E-11
1.E-50 2.87351779E-10
1.E-50 5.28316281E-08
1.E-50 1.20507991E-09
1.E-50 1.66831221E-11
I.E-50 6.10263623E-11
1.E-50 1.43929621E-09
1.E-50 2.02105369E-10
1.E-50 2.60934655E-09
1.E-50 5.69028175E-13
1.E-50 1.53025346E-11
1.E-50 1.89806728E-12
1.E-50 2.88071822E-09
1.E-50 6.85804284E-10
1.E-50 7.18380272E-12
1.E-50 1.10224343E-06
1.E-50 1.17515957E-08
1.E-50 1.19486987E-09
1.E-50 3.28929394E-10
1.E-50 1.2782984E-10
1.E-50 1.90669478E-11
1.E-50 2.84236532E-11
1.E-50 3.81407235E-10
1.E-50 8.93136278E-13
1.E-50 1.85395763E-11
1.E-50 1.61839191E-16
1.E-50 7.97792656E-13
I.E-50 1.36440665E-13
1.E-50 5.77012562E-11
1.E-50 3.64995411E-14
1.E-50 8.24381697E-13
1.E-50 8.51243735E-15
5.5023095E-06 2.29155544E-05
!Includes 420 of 505 reactions
REGION_FLAME
11
11
11
11
11
11
11
11
1 0
11
11
11
1 0
111
111
111
111
iii
111
1111 1 1
111
111
111
Oil
0001 1 1
1 1 1
1 1 1
0 1 1
0 0 01
I.11
111
111ii
111
111
111
111
110
111
100
111
001
111111
111111
111111
111111
1 1 1 1 1 1
011111
111111
111010
11 1 11 0
100110
011111   1 1 1
VALID RANGE T(K), species
741.73 1041.5
1.E-50 2.23918981E-07
1.E-50 1.85750698E-08
1.E-50 2.01791436E-08
1.E-50 1.63386412E-08
1.E-50 1.90605517E-10
1.E-50 4.88842027E-13
1.E-50 1.4061796E-08
1.E-50 2.59546848E-10
1.E-50 7.97542599E-07
1.E-50 4.87541327E-07
1.E-50 4.96470596E-06
1.E-50 3.24158289E-08
1111111111111
1111 1 11111111
1111101011111
1111111111110
0111110011111
111011011101 0
0001111111111
1111111111111
1111 1 1 11 100011
1011110110111
1 1 0 1 1 1 1 1 1 1 0 0 1
0001111100001
00111011001
(mol/cm3)
111
111
011
111
110
111
111
1111 1 01
111
111
111
01 1 1
1 1 1
1 1 1
0 
1111101111
1111111111
1111111111
111110 0 111
0110000111
1111111111
1101000111
1111111011
1 1 00000000
1111011111
1111011101
1110000111
214
1.E-50 2.36472354E-08
1.E-50 3.28059428E-09
1.E-50 4.98448577E-10
1.E-50 1.20608241E-06
1.E-50 8.66741501E-13
1.E-50 2.57491998E-10
1.E-50 1.34494029E-08
1.E-50 2.89185423E-10
1.E-50 1.56088356E-07
1.E-50 2.38324971E-09
1.E-50 5.50690925E-08
1.E-50 8.56954497E-12
1.E-50 1.24493017E-10
1.E-50 1.6501169E-11
1.E-50 1.2766404E-09
1.E-50 3.1986909E-12
1.E-50 4.13951216E-12
1.E-50 7.47802208E-09
1.E-50 9.34115019E-11
1.E-50 1.97246311E-12
1.E-50 5.69327279E-12
1.E-50 6.35091937E-13
1.E-50 3.24785815E-16
1.E-50 1.06183532E-12
1.E-50 6.58892019E-14
1.E-50 1.7151729E-11
1.E-50 6.92619111E-11
1.E-50 1.2731567E-13
1.E-50 9.04243277E-12
1.E-50 9.43330936E-13
1.E-50 1.02375161E-11
1.E-50 3.62847006E-12
1.E-50 2.87094699E-12
1.E-50 1.41538968E-10
1.E-50 1.1070632E-11
1.E-50 1.24876854E-09
1.E-50 2.68964187E-09
1.E-50 4.99016416E-11
1.E-50 1. 61122025E-12
1.E-50 1.4603713E-12
1.E-50 6.10610444E-12
1.E-50 2.76103628E-11
1.E-50 1.15787574E-14
1.E-50 8.34989181E-12
1.E-50 8.17143604E-09
1.E-50 1.17052293E-12
1.E-50 1.43003866E-12
1.E-50 2.3981466E-09
1.E-50 3.99994236E-11
I.E-50 3.11494321E-10
1.E-50 5.71273848E-08
1.E-50 1.62763548E-09
1.E-50 5.32093999E-11
1.E-50 9.76644405E-11
1.E-50 1.75041498E-09
1.E-50 3.26097728E-10
1.E-50 2.94748088E-09
I.E-50 6.72610696E-13
1.E-50 2.42740534E-11
1.E-50 1.3764392E-12
1.E-50 2.97635282E-09
1.E-50 6.94118229E-10
i.E-50 5.31300992E-12
1.E-50 7.27029401E-07
1.E-50 9.00343361E-09
1.E-50 7.73518994E-10
1.E-50 3.25141897E-10
I.E-50 2.17393502E-10
215
1.E-50 3.79844273E-11
1.E-50 4.32345204E-11
1.E-50 4.05453875E-10
1.E-50 7.84907316E-13
1.E-50 3.34507251E-11
1.E--50 1.25459041E-16
1.E-50 1.48432306E-12
1.E-50 3.32689839E-13
1.E-50 9.47188028E-11
1.E-50 3.68595118E-14
1.E-50 1.71197926E-12
1.E-50 4.40704349E-14
4.71612274E-06 1.73477685E-05
!Includes 423 of 505 reactions
REGIONFLAME
1111111111111
1101111111111
1111111111111
1111111111111
1111111111111
1100001111111
1111111111101
1011111111111
1111110011101
1111111111111
1011010111110
VALID RANGE T(K), specie
1843.4 2043.3
.E-50 1 1.53444208E 07
1.E -50 7.38698223E 1 1 1 1 1 1
1.E-50 3.9812039E-10
1.E- 1 50 1.39959753E-091 1 1 1 1 1
1.E-50 5.3210371E-10
1.E-50 3.16093672E-11
1.E-50 9.62768298E-10
1.E-50 2.51943733E-10
1.E-50 1.19014723E-06
1.E-50 6.39838912E-07
1.E-50 6.75483974E-07
1.E-50 5.17524265E-08
1.E-50 8.7396337E-08
1.E-50 1.53381917E-10
1.E-50 4.23911591E-12
1.E-50 1.56680821E-06
1.E-50 9.57522524E-12
1.E-50 3.81000118E-10
1.E-50 3.63174509E-09
1.E-50 4.37056368E-10
1.E-50 4.04521105E-09
1.E-50 1.0960308E-11
1.E-50 1.53023459E-10
1.E-50 2.10175624E-06
1.E-50 2.40952431E-12
1.E-50 2.60067968E-11
I.E-50 1.84735871E-09
1.E-50 2.34475126E-11
1.E-50 3.25266322E-11
I.E-50 6.07260189E-10
1.E-50 2.95230301E-11
I.E-50 1.99690702E-12
1.E-50 3.64609169E-12
1.E-50 1.69359674E-13
1.E-50 2.70685659E-13
1.E-50 6.49747129E-11
1.E-50 4.17678522E-11
1.E-50 7.03813103E-11
1.E-50 7.03813103E-11
111111
111111
111i11
111110
111111
111111
111001
0 11111
111111
110111
111011
111111
111 111
s (mol/cm3)
110
111
1111 0 1
111
101
111
111
0 1 1.111
110
111
111
111
111
011
111
111
111
000
101
1 1 0
110
111
110
111
111
111
111
111
011
0 11
1111111
1111111
1111111
1111111
1000000
1100111
1111100
1111111
1111000
1011000
1111010
0010100
216
111
111
111
111
001
111
001
111
000
111
111
0 0 1
11
11
11
11
1 1
0 0
11
11
11
11i iIii0 0i iS11
1 0
1.E-50 1.96069615E-12
1.E-50 2 .2541899E-13
1.E-50 2.58631589E-12
1.E-50 8.47135214E-15
1.E-50 3.97149825E-13
1.E-50 7.2237031E-14
1.E-50 3.18376565E-13
1.E-50 4.81923337E-12
1.E-50 2.41044671E-12
1.E-50 3.37176469E-12
1.E-50 3.79568143E-11
1.E-50 2.26831143E-12
1. E-50 1.57497812E-13
1.E-50 3.52810424E-15
1.E-50 3.22491837E-14
1.E-50 4.73299287E-13
1.E-50 1.44013213E-15
1.E-50 1.09657843E-12
1.E-50 1.35584054E-12
1.E-50 6.32019075E-21
1.E-50 2.87412305E-17
1.E-50 1.20686248E-12
1.E-50 1.20721797E-13
1.E-50 6.69981708E-14
1.E-50 2.16139175E-10
1.E-50 1.46459423E-10
1.E-50 1.29505628E-11
1.E-50 4.78572919E-12
1.E-50 2.29135452E-10
1.E-50 6. 43065669E-11
1.E-50 5.7866576E-11
1.E-50 3.0111581E-14
1.E-50 2.39480497E-14
1.E-50 2.19890145E-14
1.E-50 4.07099424E-11
1.E-50 6.13831949E-12
1.E-50 5.87158592E-15
1.E-50 3.33492495E-10
1.E-50 5.93712847E-11
1.E-50 2.30553378E-11
1.E-50 1.30080171E-13
1.E-50 2.46104501E-12
1.E-50 3.47184885E-13
1.E-50 1.56351398E-13
1.E-50 1.02216867E-13
1.E-50 6.97312948E-18
1.E-50 3.88945827E-13
1.E-50 5.37889757E-21
1.E-50 1.54236094E-14
1.E-50 3.72924922E-15
1.E-50 8.95321062E-13
1.E-50 6.55661722E-21
1.E-50 8.74689207E-14
1.E-50 1. 69556962E-14
1.99060269E-06 7.0139436E-06
!Includes 424 of 505 reactions
REGION FLAME
11111 111111111111111011111111111111111 1
1101111 1111 1111111 111111111111111111111
11111 11 111111 111111111111101 11111111 111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 11 11 1 111111 1 1 1 1 1 1 1 1 1 011100000000111
110 0 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 111
11111 11 1 10 10 1 1 1 1 1 111111111 1 1 1 1 1111 1 1 1
1111111111111111111101000111111111000000
1111110011101110111100101111101100011111
1111111111110111011111110011111101011111
1 1 I 1 1 1 1 1 1 1 0 1 1 1 0 1 1. 1 1 1 1 1 0 0 1 1 1 1 1 1 0 1 0 1 1 1 1 1
217
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 1 0
1 0 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 0
VALID RANGE T(K), species (mol/cm3)
1943.5 2143.3
1.E-50 1.91033066E-07
1.E-50 9.68400864E-08
1.E-50 5.68217304E-10
1.E-50 2.17256529E-09
1.E-50 7.49865735E--10
1.E-50 4.08367525E-11
1.E-50 1.26172276E-09
1.E-50 3.20304716E-10
1.E-50 1.17541597E-06
1i.E-50 7.18955659E-07
1.E-50 4.74261669E-07
1.E-50 4.62760824E-08
1.E-50 9.71963122E-08
1.E-50 1.96187782E-10
1.E-50 5.22074709E-12
1.E-50 1.6135218E-06
1.E-50 1.31157255E-11
1.E-50 5.02062504E-10
1.E-50 5.65993903E-09
1.E-50 5.64791765E-10
1.E-50 5.27036195E-09
1.E-50 1.45874023E-11
1.E-50 1.77900709E-10
1.E-50 2.46290849E-11
1.E-50 3.28888438E-12
1.E-50 3.52422424E-11
1.E-50 2.83402081E-10
1.E-50 3.53772515E-11
1.E-50 4.47023234E-11
1.E-50 7.11089127E-10
1.E-50 5.15435663E-11
1.E-50 3.06010051E-12
1.E-50 2.85416091E-12
1.E-50 2.03833465E-13
1.E-50 3.45236688E-13
1.E-50 7.95916612E-11
I.E-50 5.66681063E-11
1.E-50 9.68984778E-11
1.E-50 2.61204764E-12
1.E-50 3.33771848E-13
1.E-50 4.15272878E-12
1.E-50 1.04833453E-14
1.E-50 7.5595873E-14
1.E-50 1.22772516E-14
1.E-50 3.2599374E-13
1.E-50 6.38116957E-12
1.E-50 3.25169174E-12
1.E-50 3.41619895E-12
1.E-50 5.18812491E-11
1.E-50 2.66183199E-12
1.E-50 1.68352897E-13
1.E-50 1.46564487E-15
1.E-50 3.55890955E-14
1.E-50 9.87076109E-14
1.E-50 1.08931681E-15
1.E-50 1.79402141E-13
1.E-50 2.54116752E-12
1.E-50 5.99923798E-21
1.E-50 5.99923798E-21
1.E-50 1.20954941E-12
1.E-50 1.5050307E-13
1.E-50 6.41549602E-14
1.E-50 3.0580983E-10
1.E-50 2.18627998E-10
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1.E-50 1.82510538E-11
1.E-50 6.69370555E-12
1.E-50 2.95031272E-10
1.E-50 9.76688378E-11
1.E-50 8.71004462E-11
1.E-50 2.79080059E-14
1.E-50 4.67411569E-15
1.E-50 2.7555591E-14
1.E-50 5.01454709E-11
1.E-50 5.52082168E-12
1.E-50 8.45102946E-15
1.E-50 5.48855506E-10
1.E-50 9.14579983E-11
1.E-50 3.61476579E-11
1.E-50 1.67853825E-13
1.E-50 4.33811391E-12
1.E-50 2.51458034E-14
1.E-50 1.27540208E-13
1.E-50 1.14623695E-13
1.E-50 4.66811808E-18
1.E-50 4.43234915E-14
1.E-50 5.10574567E-21
1.E-50 3.80694535E-15
1.E-50 9.00000592E-16
1.E-50 1.51768033E-12
1.E-50 6.22365821E-21
1.E-50 1.42666785E-13
1.E-50 2.61904229E-14
1.88475776E-06 6.63201994E-06
!Includes 427 of 505 reactions
REGION_FLAME
1 1 1 1 1 1 1 1 1 1 1 1 1 1
11011111111111
11111111111111
11111111111010
10111111111111
11111100110111
11111111111111
10100101111111
VALID RANGE T(K), species
1187.8 1441.7
1.E-501 1 1.27027125E-07
1.E-50 4.04267109E-08
1.E-50 2.51229372 -09
1.E-0 1 1 1 1 1 14.60077234-09
1.E-50 6.81980636E-10
1.E-50 2.04035167E-11
1.E-50 2.88606836E-09
1.E-50 4.33274658E-10
1.E-50 1.07741725980636E-06
1.E-50 5.29960816E-07
1.E-50 2.31837314E-06
1.E-50 3.86246348E-08
1.E-50 4.47172771E-08
1.E-50 6.04804027E-10
1.E-50 2.23646563E-11
1.E-50 1.35824749E-06
1.E-50 8.93384409E-12
1.E-50 6.51943747E-10
1.E-50 8.82477048E-09
1.E-50 6.23154925E-10
I.E-50 2.04717108E-08
1.E-50 4.09124909E-11
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11111111111111111111111111
11111111111110111111111111
11111111111111111111111111
11111101111111100000000111
11111101000111111100000000
10111100000111001100011111
11011111110011011100011111
11111111000011001110000110
01111011001
(mol/cm3)
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1.E-50 4.35953177E-10
1.E-50 2.78189778E-11
1.E-50 9.75696782E-12
1.E-50 3.59070677E-11
1.E-50 7.80034708E-10
1.E-50 2.17628856E-11
1.E-50 2.94422685E-11
1.E-50 2.35855835E-09
1.E-50 1.27845955E-10
1.E-50 4.09178207E-12
1.E-50 9.66463362E-12
1.E-50 9.75104994E-13
1.E-50 1.28396252E-13
1.E--50 4.4839858E-11
1.E-50 1.49944129E-11
1.E-50 7.27840475E-11
1.E-50 1.32910175E-11
I.E-50 4.87653812E-13
1.E-50 1.23807414E-11
1.E-50 4.71660746E-13
1.E-50 4.67361886E-12
1.E-50 6.82332831E-13
1.E-50 4.28534915E-13
1.E-50 2.31358945E-11
1.E-50 1.24497453E-11
1.E-50 7.85590663E-12
1.E-50 2.48951876E-10
1.E-50 9.33318878E-12
1.E-50 1.11431684E-12
1.E-50 5.94792876E-14
1.E-50 1.08835539E-12
1.E-50 5.1112801E-12
1.E-50 1.13010659E-14
1.E-50 9.55717346E-12
1.E-50 8.49461618E-12
1.E-50 1.10565633E-15
1.E-50 1.74805043E-15
1.E-50 6.11775424E-12
1.E-50 2.21288448E-13
1.E-50 5.24055352E-13
1.E-50 2.85117952E-09
1.E-50 5.3035488E-10
1.E-50 5.47156277E-11
1.E-50 2.83156266E-11
1.E-50 7.35286877E-10
1.E--50 1.90420124E-10
1.E-50 4.58143976E-10
1.E-50 1.67584156E-13
1.E-50 8.00462728E-13
1.E-50 1.20002307E-13
1.E-50 4.13990785E-10
1.E-50 6.60010522E-11
1.E-50 1.38215382E-15
1.E-50 3.14320349E-07
1.E-50 2.58031424E-10
1.E-50 5.52983036E-11
1.E-50 1.02076253E-11
1.E-50 3.82350264E-11
1.E-50 7.90970957E-12
1.E-50 3.94692577E-12
1.E-50 9.97517446E-12
1.E-50 1.78896575E-16
1.E-50 6.38474354E-12
1.E-50 8.13139764E-21
1.E-50 3.25208895E-13
1.E-50 1.02100277E-13
1.E-50 1.7050036E-11
1.E-50 9.91178231E-21
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1.E-50 8.55082711E-13
1.E-50 9.44035969E-14
3.28184014E-06 1.06637194E-05
!Includes 446
REGION_FLAME
1 1 1 1 1 1 1 1 1
1 1 0 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
110011111
1 1 1 1 1 1 0 0 1
1 1 1 1 0 1 0 1 1
of 505 reactions
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
101
111
111
111
111
1  1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 0 1
1 1 1
1 1 1
1 1 1
1 1 1
1 11
1 1 1 1 1 1 0 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 0 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 0 0 1 1 1 1 1 1 1 1 1
111110100011
011110010111
101111111011
1 1 1 1 1 1 1 0 1 0 0 1
1 1 1 1 0 1 1 0 0 1
VALID RANGE T(K), species (mol/cm3)
1743.2 1943.1
1.E-50 1.33783747E-07
1.E-50 5.19774516E-08
1.E-50 2.53502322E-09
1.E-50 4.64178013E-09
1.E-50 7.04233509E-10
1.E-50 2.18725805E-11
1.E-50 2.93590555E-09
1.E-50 4.46388675E-10
1.E-50 1.18600842E-06
1.E-50 5.63731224E-07
1.E-50 8.94285182E-07
1.E-50 5.35270289E-08
1.E-50 8.108454E-08
1.E-50 6.13892702E-10
1.E-50 1.23187843E-11
1.E-50 1.478326E-06
1.E-50 9.36617485E-12
1.E-50 6.72336687E-10
1.E-50 8.96231835E-09
1.E-50 6.39484956E-10
1.E-50 2.06400884E-08
1.E-50 4.10610822E-11
1.E-50 4.365958E-10
1.E-50 2.90891886E-11
1.E-50 9.86205661E-12
1.E-50 3.72032371E-11
1.E-50 7.8606266E-10
1.E-50 2.24630442E-11
1.E-50 3.07695565E-11
I.E-50 2.40048808E-09
1.E-50 1.30424365E-10
1.E-50 4.27903776E-12
1.E-50 1.00204319E-11
1.E-50 9.9365977E-13
1.E-50 1.40284099E-13
1.E-50 4.81150928E-11
1.E-50 1.64388396E-11
1.E-50 7.5234619E-11
1.E-50 1.33330719E-11
1.E-50 4.94337281E-13
1.E-50 1.25065627E-11
1.E-50 4.72009102E-13
1.E-50 4.71580261E-12
1.E-50 6.90251264E-13
1.E-50 4.30131329E-13
1.E-50 2.31868369E-11
1.E-50 1.27158665E-11
1.E-50 7.85798137E-12
1 1 1
1 1 1
0 1 1
1 1 0
1 1 1
1 0 0
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 0 1 1 1 1 1
1 1 1 0 0 0 0 1 1 1
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1.E-50 2.50632692E-10
1.E-50 9.47400238E-12
I.E-50 1.12839553E-12
1.E-50 5.95115131E-14
1.E-50 1.09056709E-12
1.E-50 5.16211252E-12
1.E-50 1.1465658E-14
1.E-50 9.68061957E-12
1.E-50 8.48363896E-12
1.E-50 1.10411639E-15
1.E-50 1.74573701E-15
1.E-50 6.11190473E-12
1.E-50 2.21377571E-13
1.E-50 5.23460348E-13
1.E-50 2.85331977E-09
1.E-50 5.32682803E-10
1.E-50 5.5007497E-11
1.E-50 2.8414929E-11
1.E-50 7.43176068E-10
1.E-50 1.92081712E-10
1.E-50 4.59303962E-10
1.E-50 1.69340723E-13
1.E-50 8.00068779E-13
1.E-50 1.20897008E-13
1.E-50 4.15314846E-10
I.E-50 6.63046305E-11
1.E-50 1.38191966E-15
1.E-50 3.16144568E-09
1.E-50 2.58375974E-10
1.E-50 5.54443282E-11
1.E-50 1.01959702E-11
1.E-50 3.82699871E-11
1.E-50 7.9417508E-12
1.E-50 3.94896532E-12
1.E-50 9.96310276E-12
1.E-50 1.78619433E-16
1.E-50 6.4237904E-12
1.E-50 5.72238544E-21
I.E-50 3.2707054E-13
1.E-50 1.02371898E-13
1.E-50 1.70978304E-11
1.E-50 6.9753124E-21
1.E-50 8.59249325E-13
1.E-50 9.55161852E-14
2.19310386E-06 7.47870159E-06
!Includes 448 of 505 reactions
REGION FLAME
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1101111111111111111111111111111111111111
1111111111111111111111111110111111111111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1
1111111111111111111111110 10 1111111111111
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11111111111111111101111111111111111110111
11111111111111111111111111111111111111.11
1011111111111111111101000111111100000000
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 0 0 0 0 1 1 1
10 10 01010111110 1111 0 1 1 0 01
VALID RANGE T(K), species (mol/cm3)
870.07 1241.7
1.E-50 1.81413358E-07
1.E-50 1.57347264E-08
1.E-50 1.08178423E-08
1.E-50 1.38090225E-08
1.E-50 7.80287326E-10
1.E-50 9.74504416E-12
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i.E-50 7.92649804E-09
1.E-50 5.92433088E-10
1.E-50 9.67022114E-07
1.E-50 5.42515865E-07
1.E-50 3.95343369E-06
1.E-50 2.50615344E-08
1.E-50 1.90126532E-08
1.E-50 1.83879063E-09
1.E-50 8.80821766E-11
1.E-50 1.24276448E-06
I.E-50 7.36502544E-12
1.E-50 8.12315518E-10
1.E-50 1.7832236E-08
1.E-50 8.43496347E-10
1.E-50 8.30579123E-08
1.E-50 2.81858956E-10
1.E-50 6.94502198E-09
1.E-50 2.77085445E-11
1.E-50 3.96204913E-11
I.E-50 4.24941133E-11
1.E-50 1.7799729E-09
1.E-50 2.31381892E-11
1.E-50 2. 63429535E-11
1.E-50 6.45798963E-09
1 .E-50 2.0281581E-10
1.E-50 4.39297932E-12
1.E-50 1.23185566E-11
1.E-50 1.530459564E-12
1.E-50 2.66999454E-14
1.E-50 2.08518636E-11
1.E-50 2.44187195E-12
1i.E-50 8.02554117E-11
1 .E-50 5.4553402E-11
1.E-50 6.72735724E-13
1.E-50 2. 19541735E-11
1.E-50 1. 32187268E-12
1.E-50 1.23072329E-11
1.E-50 3.00922497E-12
1.E-50 2.17302219E-12
1.E-50 1.00593582E-10
1.E-50 2.05163031E-11
i.E-50 1.75254393E-10
1 .E-50 1.D9419832E-09
1 .E-50 2. 73839305E-11
1 .E-50 2. 42844181E-12
1 .E-50 7.24907136E-13
1. E-50 4.8;13032194E-12
1.E-50 2.18829557E-11
1i.E-50 2.14432612E-14
1.E-50 1.68957758E-11
1i.E-50 3.68120824E-10
1 .E-50 3.84530217E-14
1 .E-50 5 .58426419E-14
1.E-50 2.71263803E-10
1.E-50 4.57549349E-12
1 .E-50 4.12226982E-11
1.E-50 1.87821278E-08
1.E-50 1.55879888E-09
1.E-50 1.07605161E-10
1.E-50 9.20784381E-11
1 .E-50 1.79004306E-09
1.E-50 4.21950291E-10
1.E-50 2.C1711081E-09
1.E-50 5.42922199E-13
1.E-50 1.41838061E-11
1.E-50 4.32414735E-13
1.E-5C 1.9C062014E-09
1.E-5C 3.94668305E-10
223
1.E-50 8.38255398E-14
1.E-50 5.90982256E-07
1.E-50 1.41552522E-09
1.E-50 1.87595251E-10
1.E-50 1.50144041E-10
I.E-50 1.76136538E-10
1.E-50 3.28671491E-11
I.E-50 2.88978553E-11
1.E-50 1.91927666E-10
1.E-50 7.60397136E-14
1.E-50 2.7364177E-11
1.E-50 8.4959686E-17
I.E-50 1.27689366E-12
1.E-50 3.43238726E-13
I.E-50 7.55005906E-11
1.E-50 2.28278015E-15
I.E-50 2.16059855E-12
1.E-50 1.46651397E-13
3.90640647E-06 1.38383852E-05
END
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Appendix D
RIOT-reduced model for
iso-octane combustion
Shown below is the reduced model derived for modeling HCCI at the engine conditions
described in §6.2.2. The original full-chemistry model is described in Ref [14] and
contains 857 species in 3606 reactions. The reduced model has 257 species in 660
reactions.
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***************** * *** **t~ *********~********X*********
CHEMKIN Release 4.0
* CHEM Application
* GAS-PHASE MECHANISM INTERPRETER *
* Copyright(c) 1997-2004 Reaction Design. All Rights Reserved. *
WORKING SPACE REQUIREMENTS
PROVIDED REQUIRED
LOGICAL 257 257
INTEGER 49430 49430
REAL 48190 48190
CHARACTER 261 261
ELEMENTS ATOMIC
CONSIDERED WEIGHT
1. h
2. c
3. o
4. n
SPECIES
CONSIDERED
h
h2
o
n2
02
oh
h2o
co
hco
co2
ch3
ch4
ho2
h2o2
ch2o
ch3o
c2h6
c2h4
c2h5
ch2
ch
c2h
c2h2
c2h3
ch3oh
ch2oh
ch2co
hcco
c2h5oh
pc2h4oh
sc2h4oh
ch3co
ch2cho
ch3cho
c3h4-a
c3h4-p
1.00797
12.0112
15.9994
14.0067
C
P H
H A
A R
S G MOLECULAR TEMPERATURE ELEMENT COUNT
E E WEIGHT LOW HIGH h
1.0080E+00
2.0159E+00
1.5999E+01
2.8013E+01
3.1999E+01
1.7007E+01
1.8015E+01
2.8011E+01
2.9019E+01
4.4010E+01
1.5035E+01
1.6043E+01
3.3007E+01
3.4015E+01
3.0026E+01
3.1034E+01
3.0070E+01
2.8054E+01
2.9062E+01
1.4027E+01
1.3019E+01
2.5030E+01
2.6038E+01
2.7046E+01
3.2042E+01
3.1034E+01
4.2038E+01
4.1030E+01
4.6070E+01
4.5062E+01
4.5062E+01
4.3046E+01
4.3046E+01
4.4054E+01
4.0065E+01
4.0065E+01
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
250
300
300
300
300
300
250
300
300
300
300
300
300
300
300
300
300
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
3000
5000
5000
5000
4000
5000
4000
5000
5000
5000
4000
5000
4000
5000
5000
5000
5000
5000
5000
4000
4000
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
7.2.
73.
74.
75.
76.
7'7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87 .
88.
89.
90.
91 .
92.
93.
94.
95.
96.
97.
98.
99.
100 )
101.
102.
103 .
104.
105.
10 6.
107.
c3h6
c4h6
nc3h 7
ic3h7
c3h8
ic4h7
ic4h8
c4h7
c4h8--2
c4h8--1
sc4h9
tc4h9
ic4h9
ic4hl0
ch3coch3
ch3coch2
c2h5cho
c2h5co
ic5hl2
bc5hll
dc5hll
ac5hl0
ic5h9
neoc5hl2
neoc5hll
c2h5c
ch3o2
c2h5o2
ch3o2h
c2h3ol-2
c2h4ol-2
c2h4o2h
o2c2h4oh
c2h3co
c2h3cho
c3h5o
c3h6oohl-2
c3h6ooh2-1
ic3h7o
nc3h702
ic3h7o2
c3h6ol-3
ic4h8o
ic4h8oh
io2c4h8oh
ic4h7o
c4h7o
c4h8oh-1
c4h8oh-lo2
ic4h8o2h-i
ic4h8o2h-t
tc4h8o2h-i
c4h8o01-2
c4h8o1-3
c4h8o2-3
cc4h8o
ic4h9o
tc4h9o
ic4h9o2h
tc4h9o02h
tc4h90o2
ic4h9o2
sc4h9o2
bc5hllo2
a-bc5hl0o
b-dc5hl0o
neoc5hllo2
neoc5hllo2h
neo-c5hl0o
c3h5-a
c3h5-s
4.2081E+01
5.4092E+01
4.3089E+01
4.3089E+01
4.4097E+01
5. 5100E+01
5. 6108E+01
5. 5100E+01
5. 6108E+01
5. 6108E+01
5. 7116E+01
5. 7116E+01
5. 7116E+01
5. 8124E+01
5.8081E+01
5.7073E+01
5.8081E+01
5. 7073E+01
7.2151E+01
7.1143E+01
7. 1143E+01
7. 0135E+01
6. 9127E+01
7. 2151E+01
7. 1143E+01
4.5062E+01
4. 7034E+01
6. 1061E+01
4.8042E+01
4.3046E+01
4. 4054E+01
6. 1061E+01
7.7060E+01
5.5057E+01
5.6065E+01
5. 7073E+01
7.5088E+01
7.5088E+01
5.9089E+01
7. 5088E+01
7.5088E+01
5. 8081E+01
7. 2108E+01
7.3116E+01
1.0511E+02
7. 1100E+01
7. 1100E+01
7. 3116E+01
1.0511E+02
8. 9115E+01
8. 9115E+01
8. 9115E+01
7. 2108E+01
7.2108E+01
7.2108E+01
7.2108E+01
7.3116E+01
7.3116E+01
9.0123E+01
9.0123E+01
8.9115E+01
8.9115E+01
8. 9115E+01
1.0314E+02
8. 6135E+01
8. 6135E+01
1. 0314E+02
1. 0415E+02
8. 6135E+01
4.1073E+01
4.1073E+01
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
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108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
c3h5-t
c3h3
c3h2
c3h6o1-2
ocho
ch2(s)
ic4h7-il
c3h6oh
hoc3h6o2
ic3h5cho
tc3h6ocho
tc3h6cho
ic3h7cho
ic4h7oh
ic3h6co
ic4h6oh
ic3h5co
ic3h7co
tc3h6o2cho
tc3h6o2hco
tc3h6oh
ic3h5oh
tc4h8cho
c3h5oh
ch2cch2oh
ch3chco
ic3h5coch3
ic3h5coch2
ac3h4coch3
sc3h5coch2
ch3chcho
ic3h6cho
ic3h6chcoch3
ac3h5chcoch3
ic3h6chcoch2
tc3h6coc2h5
ac3h5cho
ac3h5co
c2h3chcho
hoch2o
hocho
ac6hl2
bc6hl2
cc6hl2
dc6hl2
ic6hll
b-cc6hl2o
ic4h9coch3
ic4h9coch2
ic3h6ch2coch3
ic3h7chcoch3
tc3h6ch2coch3
neoc6hl2
tc4h9cho
tc4h9co
neoc5hllcho
neoc5hllco
c4h7cho2-2
c4h7co2-2
c4h6cho2-21
c4h6cho2-24
xc7hl5
yc7hl5
zc7hl5
xc7hl4
yc7hl4
xc7hl3
yc7h15o2
zc7h15o2
yc7hl4ooh-y2
x-xlc7hl4o
4.1073E+01
3. 9057E+01
3.8049E+01
5. 8081E+01
4. 5018E+01
1. 4027E+01
5. 5100E+01
5.908 9E+01
9.1087E+01
7.0092E+01
8. 7099E+01
7. 1100E+01
7. 2108E+01
7. 2108E+01
7. 0092E+01
7. 1100E+01
6.9084E+01
7.1100E+01
1.0310E+02
1.0310E+02
5.9089E+01
5.8081E+01
8.5127E+01
5.8081E+01
5.7073E+01
5.6065E+01
8.4119E+01
8.3111E+01
8.3111E+01
8.3111E+01
5.7073E+01
7.1100E+01
9.8146E+01
9.7138E+01
9.7138E+01
9.9154E+01
7.0092E+01
6.9084E+01
6.9084E+01
4.7034E+01
4.6026E+01
8.4163E+01
8.4163E+01
8.4163E+01
8.4163E+01
8.3155E+01
1.0016E+02
1.0016E+02
9.9154E+01
9. 9154E+01
9. 9154E+01
9. 9154E+01
8.4163E+01
8.6135E+01
8.5127E+01
1.0016E+02
9.9154E+01
8.4119E+01
8.3111E+01
8.3111E+01
8.3111E+01
9.9198E+01
9.9198E+01
9.9198E+01
9.8190E+01
9.8190E+01
9.7182E+01
1.3120E+02
1.3120E+02
1.3120E+02
1.1419E+02
300
300
150
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
5000
4000
4000
5000
5000
4000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
228
179.
180.
181.
182
183.
184.
185 .
186.
187.
188.
:189.
190.
191.
192.
193.
194.
195.
196.
197.
198 .
199.
200.
201.
202.
203 .
204 .
205.
206 .
207.
208.
209.
210 .
211.
212.
213
214.
215.
216.
21 7.
218.
219
220.
221.
222.
223.
224.
225.
226j
227.
228.
229.
230.
231.
23 2.
2 3.
234.
235.
23 6.
23 7.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
x-ylc7hl4 c
x-y2c7hl4o
x-zc7hl4o
y-yc7hl4o
y-zc7hl4o
nc7hl5
oc7hl15
pc7hl5
qc7hl5
oc7hl4
pc7hl4
pc7hl3
n-oc7hl4o
n-pc7hl4o
o-pc7hl4o
o-qc7hl4o
p-qc7hl4o
ic8h18
ac8hl7
bc8hl7
cc8hl7
dc8hl7
ic8hl6
jc8hl6
ic8hl5
ac8hl7o2
bc8hl7o2
cc8hl7o2
dc8hl7o2
ac8hl7o2h
bc8hl7o2h
cc8hl7o2h
dc8hl7o2h
bc8hl6ooh-,c
bc8hl6ooh-a
bc8hl6ooh-d
ic8eteraa
ic8eterab
ic8eterac
ic8eterad
ic8eterbc
ic8eterbd
ic8etercd
ic8eterdd
neoc5hll11coch3
neoc5hl0coch3
tc4h9chcoch3
neoc5hllcoch2
ic4h7coch3
ic4h7coch2
ic3h5chcoch3
ac3h4ch2coch3
xc7hl3o-z
pc7hl3o-o
cc6hllo-b
xc7hl4oh-y
yc7hl4oh-x
zc7hl4oh-y
vc7hl4oh-z
oc7hl4oh-p
pc7hl4oh-o
qc7hl4oh-p
pc7hl4oh-q
xc7hl4oh-yo2
xc7hl40-yo2h
yc7hl4oh-xo2
yc7hl 40-xo2h
zc7hl 4oh-yo2 2
zc7hl 4o-yo2h li
yc7hl,4oh-zo2
yc7hl 40-zo2h
1. 1419E+02
1.1419E+02
1. 1419E+02
1. 1419E+02
1. 1419E+02
9. 9198E+01
9. 9198E+01
9.9198E+01
9. 9198E+01
9. 8190E+01
9. 8190E+01
9.7182E+01
1. 1419E+02
1. 1419E+02
1. 1419E+02
1.1419E+02
1.1419E+02
1.1423E+02
1. 1322E+02
1. 1322E+02
1. 1322E+02
1. 1322E+02
1. 1222E+02
1. 1222E+02
1.1121E+02
1.4522E+02
1.4522E+02
1.4522E+02
1.4522E+02
1.4623E+02
1.4623E+02
1.4623E+02
1.4623E+02
1.4522E+02
1.4522E+02
1.4522E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.2822E+02
1.1419E+02
1. 1318E+02
1. 1318E+02
1. 1318E+02
9.8146E+01
9. 7138E+01
9. 7138E+01
9. 7138E+01
1. 1318E+02
1. 1318E+02
9. 9154E+01
1.1520E+02
1.1520E+02
1.1520E+02
1.1520E+02
1.1520E+02
1.1520E+02
1.1520E+02
1.1520E+02
1.4720E+02
1.4720E+02
1.4720E+02
1.4720E+02
1.4720E+02
1.4720E+02
1.4720E+02
1.4720E+02
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
229
250. oc7hl4oh-po2
251. oc7hl4o-po2h
252. pc7hl4oh-oo2
1.4720E+02
1.4720E+02
1.4720E+02
300
300
300
5000
5000
5000
253. pc7hl4o-oo2h G 0 1.4720E+02 300 5000 15 7
254. cc8hl6oh-b G 0 1.2922E+02 300 5000 17 8
255. bc8hl6oh-c G 0 1.2922E+02 300 5000 17 8
256. cc8hl6oh-d G 0 1.2922E+02 300 5000 17 8
257. cc8hl6oh-bo2 G 0 1.6122E+02 300 5000 17 8
(k = A T**b exp(-E/RT))
REACTIONS CONSIDERED
1. ch3+h(+M)=ch4(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.33100E+31 -0.40000E+01
TROE centering: 0.00000E+00 0.10000E-14
2. ch4+h=ch3+h2
Reverse Arrhenius coefficients:
3. ch4+oh=ch3+h2o
Reverse Arrhenius coefficients:
4. ch4+o=ch3+oh
Reverse Arrhenius coefficients:
5. c2h6+ch3=c2h5+ch4
Reverse Arrhenius coefficients:
6. hco+oh=co+h2o
Reverse Arrhenius coefficients:
7. co+oh=co2+h
Reverse Arrhenius coefficients:
8. h+o2=o+oh
Reverse Arrhenius coefficients:
9. o+h2=h+oh
Reverse Arrhenius coefficients:
10. o+h2o=2oh
Reverse Arrhenius coefficients:
11. oh+h2=h+h2o
Reverse Arrhenius coefficients:
12. hco+M=h+co+M
Reverse Arrhenius coefficients:
13. h2o2+oh=h2o+ho2
Reverse Arrhenius coefficients:
Declared duplicate reaction...
14. c2h4+o=ch3+hco
Reverse Arrhenius coefficients:
15. h+c2h4(+M)=c2h5(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.11120E+35 -0.50000E+01
TROE centering: 0.10000E+01 0.10000E-14
16. ch3oh(+M)=ch3+oh(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 1.600E+01
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.29500E+45 -0.73500E+01
TROE centering: 0.41400E+00 0.27900E+03
17. c2h6+h=c2h5+h2
Reverse Arrhenius coefficients:
18. ch3oh+ho2=ch2oh+h2o2
Reverse Arrhenius coefficients:
19. c2h5+o2=c2h4+ho2
Reverse Arrhenius coefficients:
20. c2h6+oh=c2h5+h2o
Reverse Arrhenius coefficients:
2.14E+15 -0.4 0.0
0.21080E+04
0.10000E-14 0.40000E+02
1.73E+04 3.0 8224.0
6.61E+02 3.0 7744.0
1.93E+05 2.4 2106.0
4.82E+02 2.9 14860.0
2.13E+06 2.2 6480.0
3.56E+04 2.2 3920.0
1.51E-07 6.0 6047.0
9.65E-10 6.6 10220.0
1.02E+14 0.0 0.0
2.90E+15 0.0 105200.0
1.40E+05 1.9 -1347.0
1.57E+07 1.9 20990.0
1.97E+14 0.0 16540.0
1.56E+13 0.0 425.0
5.08E+04 2.7 6292.0
2.23E+04 2.7 4197.0
2.97E+06 2.0 13400.0
3.01E+05 2.0 -3850.0
2.16E+08 1.5 3430.0
9.35E+08 1.5 18580.0
1.86E+17 -1.0 17000.0
6.47E+13 0.0 -442.0
1.00E+12 0.0 0.0
1.68E+11 0.3 31460.0
1.02E+07 1.9 179.0
2.85E+08 1.1 31770.0
1.08E+12 0.5 1822.0
0.44480E+04
0.95000E+02 0.20000E+03
1.90E+16 0.0 91730.0
0.95460E+05
0.54590E+04 0.10000E+11
5.54E+02 3.5 5167.0
1.36E-01 4.1 8857.0
3.98E+13 0.0 19400.0
3.13E+15 -0.9 10750.0
1.22E+30 -5.8 10100.0
1.26E+30 -5.6 22310.0
5.12E+06 2.1 855.0
1.01E+07 2.1 22980.0
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21. c2h6+o=c2h5+oh
Reverse Arrhenius coefficients:
22. ch3+ho2=ch3o+oh
Reverse Arrhenius coefficients:
23. co+ho2=co2+oh
Reverse Arrhenius coefficients:
24. 2ch3(+M)=c2h6(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.11350E+37 -0.52460E+01
TROE centering: 0.40500E+00 0.11200E+04
25. h2o-M=h+oh+M
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Reverse Arrhenius coefficients:
26. h+o2(+M)=ho2(+M)
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Low pressure limit: 0.35000E+17 -0.41000E+00
TROE centering: 0.50000E+00 0.10000E-29
27. co+o(+M)=co2(+M)
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Low pressure limit: 0.13500E+25 -0.27880E+01
28. co+o2=co2+o
Reverse Arrhenius coefficients:
29. hco+o=co+oh
Reverse Arrhenius coefficients:
30. ch2o+oh=hco+h2o
Reverse Arrhenius coefficients:
31. ch2o+h=hco+h2
Reverse Arrhenius coefficients:
32. ch2o+o=hco+oh
Reverse Arrhenius coefficients:
33. ch3+oh=ch2o+h2
Reverse Arrhenius coefficients:
34. ch3-o=ch2o+h
Reverse Arrhenius coefficients:
35. ch3+o2=ch3o+o
Reverse Arrhenius coefficients:
36. ch2o+ch3=hco+ch4
Reverse Arrhenius coefficients:
37. hco+ch3=ch4+co
Reverse Arrhenius coefficients:
38. ch3c(+M)=ch2o+h(+M)
Low pressure limit: 0.23440E+26 -0.27000E+01
39. c2h4(+M)=c2h2+h2(+M)
Low pressure limit: 0.15000E+16 0.00000E+00
40. ho2+c=oh+o2
Reverse Arrhenius coefficients:
41. hco+ho2=ch2o+o2
Reverse Arrhenius coefficients:
42. ch3o+o2=ch2o+ho2
Reverse Arrhenius coefficients:
43. ch3+ho2=ch4+o2
Reverse Arrhenius coefficients:
44. hco+o2=co+ho2
Reverse Arrhenius coefficients:
45. ho2+h=2oh
Reverse Arrhenius coefficients:
46. ho2+h=h2+o2
Reverse Arrhenius coefficients:
47. ho2+oh=h2o+o2
1.13E+14
2.08E+13
1.10E+13
4.78E+14
3.01E+13
6.44E+15
9.21E+16
0.0
0.0
0.0
-0.3
0.0
-0.3
-1.2
7850.0
12720.0
0.0
24550.0
23000.0
84610.0
635.8
0.17050E+04
0.69600E+02 0.10000E+16
1.84E+27 -3.0 122600.0
2.25E+22 -2.0
1.48E+12 0.6
0.0
0.0
-0.11160E+04
0.10000E+31 0.10000E+ll
1.80E+10 0.0 2384.0
0.41910E+04
1.07E-15 7.1
9.44E-15 7.1
3.02E+13 0.0
8.70E+13 0.0
3.43E+09 1.2
1.19E+09 1.2
9.33E+08 1.5
7.45E+07 1.5
4.16E+11 0.6
1.46E+10 0.6
2.25E+13 0.0
6.76E+14 0.0
8.00E+13 0.0
1.06E+15 0.0
2.00E+18 -1.6
3.58E+18 -1.6
3.64E-06 5.4
7.58E-06 5.4
1.21E+14 0.0
2.07E+16 0.0
5.45E+13 0.0
0.30600E+05
1.80E+13 0.0
0.55443E+05
3.25E+13 0.0
7.86E+14 -0.3
2.97E+10 0.3
2.05E+13 0.0
5.50E+10 0.0
1.32E+09 0.3
3.60E+12 0.0
5.18E+15 -0.3
7.58E+12 0.0
9.03E+11 0.3
7.08E+13 0.0
1.35E+14 -0.3
1.66E+13 0.0
9.14E+14 -0.3
2.89E+13 0.0
13320.0
19540.0
0.0
87900.0
-447.0
29380.0
2976.0
17650.0
2762.0
15340.0
4300.0
76030.0
0.0
69630.0
29210.0
-1631.0
998.0
16150.0
0.0
90480.0
13500.0
76000.0
0.0
55390.0
-3861.0
38950.0
2424.0
31390.0
0.0
57960.0
410.0
32930.0
300.0
39570.0
820.0
58300.0
-500.0
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Reverse Arrhenius coefficients:
48. h2o2+o2=2ho2
Reverse Arrhenius coefficients:
Declared duplicate reaction...
49. 2oh(+M)=h2o2(+M)
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Low pressure limit: 0.30410E+31 -0.46300E+01
TROE centering: 0.47000E+00 0.10000E+03
50. h2o2+h=h2o+oh
Reverse Arrhenius coefficients:
51. ch4+ho2=ch3+h2o2
Reverse Arrhenius coefficients:
52. ch2o+ho2=hco+h2o2
Reverse Arrhenius coefficients:
53. oh+M=o+h+M
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Reverse Arrhenius coefficients:
54. o2+M=2o+M
h2 Enhanced by 2.500E+00
h2o Enhanced by 1.200E+01
co Enhanced by 1.900E+00
co2 Enhanced by 3.800E+00
Reverse Arrhenius coefficients:
55. c2h2+h(+M)=c2h3(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.22540E+41 -0.72690E+01
TROE centering: 0.10000E+01 0.10000E-14
56. c2h4+h=c2h3+h2
Reverse Arrhenius coefficients:
57. c2h4+oh=c2h3+h2o
Reverse Arrhenius coefficients:
58. c2h2+M=c2h+h+M
Reverse Arrhenius coefficients:
59. c2h2+o2=hcco+oh
Reverse Arrhenius coefficients:
60. ch2+o2=co+h2o
Reverse Arrhenius coefficients:
61. c2h2+oh=c2h+h2o
Reverse Arrhenius coefficients:
62. o+c2h2=c2h+oh
Reverse Arrhenius coefficients:
63. c2h2+o=ch2+co
Reverse Arrhenius coefficients:
64. c2h+o2=hco+co
Reverse Arrhenius coefficients:
65. ch2+o=co+2h
Reverse Arrhenius coefficients:
66. ch2+oh=ch+h2o
Reverse Arrhenius coefficients:
67. ch2+o2=co2+2h
Reverse Arrhenius coefficients:
68. ch+o2=hco+o
Reverse Arrhenius coefficients:
69. ch3oh+oh=ch2oh+h2o
Reverse Arrhenius coefficients:
70. ch3oh+h=ch3o+h2
Reverse Arrhenius coefficients:
71. ch3oh+h=ch2oh+h2
Reverse Arrhenius coefficients:
72. ch3oh+ch3=ch2oh+ch4
Reverse Arrhenius coefficients:
73. ch3oh+o=ch2oh+oh
6.89E+15
5.94E+17
4.20E+14
-0.3
-0.7
0.0
72140.0
53150.0
11980.0
1.24E+14 -0.4 0.0
0.20490E+04
0.20000E+04 0.10000E+16
2.41E+13
7.75E+12
3.42E+11
3.36E+11
5.82E-03
1.19E-02
3.91E+22
0.0
0.0
0.0
-0.3
4.5
4.2
-2.0
4.72E+18 -1.0
6.47E+20 -1.5
6.17E+15 -0.5
3.11E+11 0.6
0.65770E+04
0.67500E+03 0.
8.42E-03 4.6
5.72E-01 3.8
2.02E+13 0.0
1.02E+13 0.0
4.20E+16 0.0
7.13E+07 2.1
2.00E+08 1.5
2.23E+05 1.5
7.28E+19 -2.5
8.51E+20 -2.5
3.37E+07 2.0
4.67E+03 3.1
3.16E+15 -0.6
4.44E+10 0.5
6.12E+06 2.0
1.15E+06 2.0
2.41E+12 0.0
1.33E+16 -1.1
5.00E+13 0.0
0.00E+00 0.0
1.13E+07 2.0
3.44E+07 2.0
3.29E+21 -3.3
0.00E+00 0.0
3.30E+13 0.0
4.40E+13 0.0
7.10E+06 1.8
3.29E+01 3.5
3.60E+12 0.0
7.47E+12 0.0
1.44E+13 0.0
1.54E+07 1.7
3.19E+01 3.2
8.93E-04 4.8
3.88E+05 2.5
3970.0
74710.0
19290.0
2502.0
6557.0
4921.0
105300.0
0.0
121500.0
0.0
2589.0
10000E+16
2583.0
3233.0
5955.0
20220.0
107000.0
-28910.0
30100.0
25400.0
1809.0
179800.0
14000.0
685.0
15000.0
-15570.0
1900.0
52570.0
0.0
154100.0
0.0
0.0
3000.0
21150.0
2868.0
0.0
0.0
71990.0
-596.0
22720.0
6095.0
7825.0
6095.0
14250.0
7172.0
15810.0
3080.0
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Reverse Arrhenius coefficients:
74. ch2oh+o2=ch2o+ho2
Reverse Arrhenius coefficients:
75. ch2oh(+M)=ch2o+h(+M)
Low pressure limit: 0.60100E+34 -0.53900E+01
TROE centering: 0.96000E+00 0.67600E+02
76. c2h3+o2=c2h2+ho2
Reverse Arrhenius coefficients:
77. h2o2+o=oh+ho2
Reverse Arrhenius coefficients:
78. c2h2+o=hcco+h
Reverse Arrhenius coefficients:
79. c2h2+oh=ch2co+h
Reverse Arrhenius coefficients:
80. ch2co+h=ch3+co
Reverse Arrhenius coefficients:
81. ch2co+o=ch2+co2
Reverse Arrhenius coefficients:
82. ch2+o2=ch2o+o
Reverse Arrhenius coefficients:
83. ch2co(+M)=ch2+co(+M)
Low pressure limit: 0.36000E+16 0.00000E+00
84. ch2co+o=hcco+oh
Reverse Arrhenius coefficients:
85. ch2co+oh=hcco+h2o
Reverse Arrhenius coefficients:
86. ch2co+h=hcco+h2
Reverse Arrhenius coefficients:
87. hcco+oh=2hco
Reverse Arrhenius coefficients:
88. hcco+h=ch2(s)+co
Reverse Arrhenius coefficients:
89. hcco+o=h+2co
Reverse Arrhenius coefficients:
90. c2h6+ho2=c2h5+h2o2
Reverse Arrhenius coefficients:
91. ch2+o2=co2+h2
Reverse Arrhenius coefficients:
92. ch3oh+oh=ch3o+h2o
Reverse Arrhenius coefficients:
93. c2h5+h=2ch3
Reverse Arrhenius coefficients:
94. c2h3+o2=ch2o+hco
Reverse Arrhenius coefficients:
95. c2h5oh(+M)=ch2oh+ch3(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.31100E+86 -0.18840E+02
TROE centering: 0.50000E+00 0.55000E+03
96. c2h5oh(+M)=c2h5+oh(+M)
h2 Enhanced by 2.000E+00
h2o Enhanced by 5.000E+00
co Enhanced by 2.000E+00
co2 Enhanced by 3.000E+00
Low pressure limit: 0.51100E+86 -0.18800E+02
TROE centering: 0.50000E+00 0.65000E+03
97. c2h5oh(+M)=c2h4+h2o(+M)
h2o Enhanced by 5.000E+00
Low pressure limit: 0.25700E+84 -0.18850E+02
TROE centering: 0.70000E+00 0.35000E+03
98. c2h5oh+oh=pc2h4oh+h2o
Reverse Arrhenius coefficients:
99. c2h5oh+oh=sc2h4oh+h2o
Reverse Arrhenius coefficients:
100. c2h5oh+ho2=pc2h4oh+h2o2
Reverse Arrhenius coefficients:
101. c2h5oh+ho2=sc2h4oh+h2o2
Reverse Arrhenius coefficients:
102. c2h5oh+ho2=c2h5o+h2o2
4.96E+03 2.5
3.81E+06 2.0
1.77E+11 0.7
2.80E+14 -0.7
0.36200E+05
0.18550E+04 0
2.12E-06 6.0
1.11E-07 6.3
9.55E+06 2.0
2.54E+07 1.7
1.43E+07 2.0
2.02E+05 2.0
2.19E-04 4.5
2.16E-03 4.5
1.10E+13 0.0
2.40E+12 0.0
1.75E+12 0.0
3.74E+12 0.0
3.29E+21 -3.3
3.86E+22 -3.3
3.00E+14 0.0
0.59270E+05
1.00E+13 0.0
1.43E+10 0.0
1.00E+13 0.0
1.41E+11 0.0
2.00E+14 0.0
6.52E+11 0.0
1.00E+13 0.0
4.82E+13 0.0
1.10E+14 0.0
6.66E+13 0.0
8.00E+13 0.0
0.00E+00 0.0
1.70E+13 0.0
1.07E+11 0.2
1.01E+21 -3.3
3.05E+23 -3.3
1.00E+06 2.1
8.98E+06 2.1
3.61E+13 0.0
5.45E+16 -1.0
1.70E+29 -5.3
1.66E+29 -5.3
5.71E+23 -1.7
8781.0
1641.0
24180.0
32820.0
75430E+04
9484.0
17570.0
3970.0
19850.0
1900.0
13310.0
-1000.0
19670.0
3400.0
40200.0
1350.0
53690.0
2868.0
63180.0
70980.0
8000.0
-1255.0
2000.0
9995.0
8000.0
840.0
0.0
40360.0
0.0
39260.0
0.0
0.0
20460.0
7842.0
1508.0
186700.0
496.7
17380.0
0.0
16980.0
6500.0
93050.0
94410.0
0.11310E+06
0.82500E+03 0.61000E+04
2.40E+23 -1.6 99540.0
0.11877E+06
0.80000E+03
2.79E+13
0.10000E+16
0.1 66140.0
0.86453E+05
0.80000E+03 0.38000E+04
1.74E+11 0.3 600.0
7.20E+08 0.3 19330.0
4.64E+11 0.1 0.0
1.38E+12 -0.1 26350.0
1.23E+04 2.5 15750.0
3.02E+02 2.2 3021.0
8.20E+03 2.5 10750.0
1.45E+05 2.0 5632.0
2.50E+12 0.0 24000.0
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Reverse Arrhenius coefficients:
103. c2h5oh+o=pc2h4oh+oh
Reverse Arrhenius coefficients:
104. c2h5oh+o=sc2h4oh+oh
Reverse Arrhenius coefficients:
105. pc2h4oh=c2h4+oh
Reverse Arrhenius coefficients:
106. sc2h4oh+M=ch3cho+h+M
Reverse Arrhenius coefficients:
107. c2h4+ch3=c2h3+ch4
Reverse Arrhenius coefficients:
108. ch3co(+M)=ch3+co(+M)
Low pressure limit: 0.12000E+16
109. ch3cho=ch3+hco
Reverse Arrhenius coefficients:
110. ch3cho+o2=ch3co+ho2
Reverse Arrhenius coefficients:
111. ch3cho+oh=ch3co+h2o
Reverse Arrhenius coefficients:
112. ch3cho+h=ch3co+h2
Reverse Arrhenius coefficients:
113. ch3cho+o=ch3co+oh
Reverse Arrhenius coefficients:
114. ch3cho+ho2=ch3co+h2o2
Reverse Arrhenius coefficients:
115. ch3cho+ch3=ch3co+ch4
Reverse Arrhenius coefficients:
116. c3h5-s=c2h2+ch3
Reverse Arrhenius coefficients:
117. c2h2+ch3=c3h4-p+h
Reverse Arrhenius coefficients:
118. c3h5-a=c2h2+ch3
Reverse Arrhenius coefficients:
119. c3h6=c2h3+ch3
Reverse Arrhenius coefficients:
120. c3h6=c3h5-a+h
Reverse Arrhenius coefficients:
121. c3h6+o=ch2co+ch3+h
Reverse Arrhenius coefficients:
122. c3h6+o=c2h5+hco
Reverse Arrhenius coefficients:
123. c3h6+o=ch3chco+2h
Reverse Arrhenius coefficients:
124. c3h6+ho2=c3h5-a+h2o2
Reverse Arrhenius coefficients:
125. c3h6+ho2=c3h5-s+h2o2
Reverse Arrhenius coefficients:
126. c3h6+ho2=c3h5-t+h2o2
Reverse Arrhenius coefficients:
127. c3h6+oh=c3h5-a+h2o
Reverse Arrhenius coefficients:
128. c3h6+oh=c3h5-s+h2o
Reverse Arrhenius coefficients:
129. c4h6+oh=c2h5+ch2co
Reverse Arrhenius coefficients:
130. c4h6+oh=ch2o+c3h5-a
Reverse Arrhenius coefficients:
131. c4h6+oh=c2h3+ch3cho
Reverse Arrhenius coefficients:
132. c4h6+o=c2h4+ch2co
Reverse Arrhenius coefficients:
133. c4h6+o=ch2o+c3h4-a
Reverse Arrhenius coefficients:
134. ch2o+M=co+h2+M
Reverse Arrhenius coefficients:
135. nc3h7=ch3+c2h4
Reverse Arrhenius coefficients:
136. nc3h7=h+c3h6
Reverse Arrhenius coefficients:
137. nc3h7+o2=c3h6+ho2
Reverse Arrhenius coefficients:
1.51E+14 -
9.41E+07
3.95E+04
1.88E+07
5.66E+06
1.29E+12 -
9.93E+11
1.00E+14
4.71E+10
6.62E+00
1.44E+00
3.00E+12
0.00000E+00 0.12518E+05
2.61E+15
2.00E+13
3.01E+13
8.55E+10
2.00E+06
1.35E+06
1.34E+13
2.10E+12
5.94E+12
4.08E+11
3.01E+12
1.21E+13 -
2.61E+06
1.07E+07
9.60E+39 -
1.61E+40 -
1.21E+17 -
1.00E+14
2.40E+48 -
2.61E+46 -
2.73E+62 -1
4.71E+59 -1
2.01E+61 -1
4.89E+56 -1
2.50E+07
1.00E+00
1.58E+07
1.40E+05
2.50E+07
0.00E+00
1.50E+11
5.87E+05
7.50E+09
2.31E+04
3.00E+09
9.23E+03
3.12E+06
6.19E+06
2.11E+06
2.72E+04
1.00E+12
3.73E+12
1.00E+12
3.50E+06
1.00E+12
5.44E+11
1.00E+12
6.38E+11
1.00E+12
1.08E+12
1.83E+32
5.07E+27 -
2.28E+14
4.10E+11
2.67E+15
1.00E+13
3.00E+11
2.00E+11
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1.8
1.7
1.7
1.9
1.6
0.4
0.0
0.0
0.9
3.7
4.0
0.0
0.1
0.0
0.0
0.3
1.8
1.8
0.0
0.0
0.0
0.0
0.0
0.3
1.8
1.8
8.2
8.6
1.2
0.0
9.9
9.8
3.3
3.2
3.3
2.2
1.8
0.0
1.8
1.9
1.8
0.0
0.0
1.3
0.0
1.3
0.0
1.3
2.0
2.0
2.0
2.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.4
3.4
0.6
0.0
0.6
0.0
0.0
0.0
38000.0
5459.0
6943.0
1824.0
10920.0
26850.0
-960.0
25000.0
-3630.0
9500.0
5472.0
16720.0
80550.0
0.0
39150.0
-1940.0
1300.0
32850.0
3300.0
19690.0
1868.0
16170.0
11930.0
12010.0
5911.0
22790.0
42030.0
20330.0
16680.0
4000.0
82080.0
36950.0
123200.0
29540.0
118500.0
28080.0
76.0
0.0
-1216.0
26510.0
76.0
0.0
14190.0
9759.0
12570.0
-13420.0
9930.0
-14060.0
-298.0
31880.0
2778.0
11530.0
0.0
30020.0
0.0
71060.0
0.0
18550.0
0.0
94340.0
0.0
79050.0
87120.0
84350.0
28400.0
7204.0
36820.0
2500.0
3000.0
17500.0
138. c3h6+oh=c3h5-t+h2o 1.11E+06 2.0 1451.0
Reverse Arrhenius coefficients: 3.28E+03 2.7 12310.0
139. c3h6+o=c3h5-a+oh 5.24E+11 0.7 5884.0
Reverse Arrhenius coefficients: 1.06E+11 0.7 20820.0
140. c3h6+o=c3h5-s+oh 1.20E+11 0.7 8959.0
Reverse Arrhenius coefficients: 1.57E+08 1.2 460.0
141. c3h6+o=c3h5-t+oh 6.03E+10 0.7 7632.0
Reverse Arrhenius coefficients: 1.80E+07 1.4 1243.0
142. c3h6+h=c3h5-a+h2 1.73E+05 2.5 2492.0
Reverse Arrhenius coefficients: 7.93E+04 2.5 19520.0
143. c3h6+h=c2h4+ch3 4.83E+33 -5.8 18500.0
Reverse Arrhenius coefficients: 2.31E+33 -5.9 31620.0
144. ic3h7=h+c3h6 8.57E+18 -1.6 40340.0
Reverse Arrhenius coefficients: 1.30E+13 0.0 1560.0
145. ic3h7+o2=c3h6+ho2 4.50E+11 0.0 5020.0
Reverse Arrhenius coefficients: 2.00E+11 0.0 17500.0
146. c3h8+o2=ic3h7+ho2 4.00E+13 0.0 47500.0
Reverse Arrhenius coefficients: 2.08E+12 0.0 0.0
147. c3h8+ho2=ic3h7+h2o2 5.60E+12 0.0 17700.0
Reverse Arrhenius coefficients: 4.16E+11 0.0 7426.0
148. c3h8+ho2=nc3h7+h2o2 1.68E+13 0.0 20430.0
Reverse Arrhenius coefficients: 2.33E+12 0.0 9826.0
149. ic4h7=c3h4-a+ch3 1.23E+47 -9.7 74260.0
Reverse Arrhenius coefficients: 3.02E+41 -8.7 26620.0
150. ic4h8=ic4h7+h 3.07E+55 -11.5 114300.0
Reverse Arrhenius coefficients: 3.30E+52 -11.1 24460.0
151. ic4h8+o=ch2co+2ch3 3.33E+07 1.8 76.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
152. ic4:h8+h=ic4h7+h2 3.40E+05 2.5 2492.0
Reverse Arrhenius coefficients: 6.89E+06 1.9 20100.0
153. ic4h8+o=ic4h7+oh 1.21E+11 0.7 7633.0
Reverse Arrhenius coefficients: 1.07E+12 0.1 23150.0
154. ic4h8+oh=ic4h7+h2o 5.20E+06 2.0 -298.0
Reverse Arrhenius coefficients: 4.56E+08 1.4 32470.0
155. ic4h8+o=ic3h7+hco 1.58E+07 1.8 -1216.0
Reverse Arrhenius coefficients: 1.75E+09 0.5 27580.0
156. ic4h8+ch3o2=ic4h7+ch3o2h 1.93E+04 2.6 13910.0
Reverse Arrhenius coefficients: 2.09E+07 1.5 12190.0
157. ic4h8+ch3=ic4h7+ch4 4.42E+00 3.5 5675.0
Reverse Arrhenius coefficients: 2.34E+03 2.9 23770.0
158. ic4h8+ho2=ic4h7+h2o2 1.93E+04 2.6 13910.0
Reverse Arrhenius coefficients: 1.00E+07 1.7 15210.0
159. c4h7=c4h6+h 1.20E+14 0.0 49300.0
Reverse Arrhenius coefficients: 4.00E+13 0.0 1300.0
160. c4h8-2+ho2=c4h7+h2o2 3.20E+12 0.0 14900.0
Reverse Arrhenius coefficients: 1.58E+11 0.0 14700.0
161. c4h8-1=c3hS-a+ch3 5.00E+15 0.0 71000.0
Reverse Arrhenius coefficients: 5.00E+12 0.0 0.0
162. c4h8-l+oh=c4h7+h2o 2.25E+13 0.0 2217.0
Reverse Arrhenius coefficients: 4.77E+12 0.0 26470.0
163. c4hB-1+ho2=c4h7+h2o2 1.40E+12 0.0 14900.0
Reverse Arrhenius coefficients: 3.16E+11 0.0 13000.0
164. tc4h9=h+ic4h8 4.65E+46 -9.8 55080.0
Reverse Arrhenius coefficients: 5.89E+44 -9.4 16980.0
165. ic4h8+h=c3h6+ch3 5.68E+33 -5.7 20000.0
Reverse Arrhenius coefficients: 1.71E+34 -6.4 33160.0
166. ic4h9=c3h6+ch3 1.64E+37 -7.4 38670.0
Reverse Arrhenius coefficients: 1.59E+34 -7.1 18030.0
167. ic4h9=ic4h8+h 4.98E+32 -6.2 40070.0
Reverse Arrhenius coefficients: 1.61E+29 -5.2 6265.0
168. ic4hl0=ch3+ic3h7 3.64E+87 -20.2 130400.0
Reverse Arrhenius coefficients: 1.91E+84 -20.5 45370.0
169. ic4hl0=tc4h9+h 2.51E+98 -23.8 145300.0
Reverse Arrhenius coefficients: 5.24E+90 -22.2 46440.0
170. ic4hl0O+oh=tc4h9+h2o 5.73E+10 0.5 63.0
Reverse Arrhenius coefficients: 1.17E+11 0.5 21600.0
171. ic4hl0O+oh=ic4h9+h2o 2.29E+08 1.5 776.0
Reverse Arrhenius coefficients: 4.00E+08 1.5 22270.0
172. ic4hl0+ho2=ic4h9+h2o2 2.55E+13 0.0 20460.0
Reverse Arrhenius coefficients: 3.00E+12 0.0 7400.0
173. ic4hl0+ho2=tc4h9+h2o2 2.80E+12 0.0 16000.0
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Reverse Arrhenius coefficients: 3.00E+12 0.0 7400.0
174. ic4hl0+o2=tc4h9+ho2 2.04E+13 0.0 41350.0
Reverse Arrhenius coefficients: 2.00E+12 0.0 2000.0
175. ch3coch3=ch3co+ch3 1.22E+23 -2.0 83950.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 0.0
176. ch3coch3+oh=ch3coch2+h2o 1.05E+10 1.0 1586.0
Reverse Arrhenius coefficients: 6.93E+09 1.0 23250.0
177. ch3coch3+h=ch3coch2+h2 5.63E+07 2.0 7700.0
Reverse Arrhenius coefficients: 9.00E+12 0.0 145000.0
178. ch3coch3+o=ch3coch2+oh 1.13E+14 0.0 7850.0
Reverse Arrhenius coefficients: 7.50E+12 0.0 12300.0
179. ch3coch2=ch2co+ch3 1.00E+14 0.0 31000.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 6000.0
180. ch3coch3+o2=ch3coch2+ho2 1.20E+14 0.0 46000.0
Reverse Arrhenius coefficients: 2.00E+12 0.0 2000.0
181. ch3coch3+ho2=ch3coch2+h2o2 1.70E+13 0.0 20460.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 8000.0
182. c2h5co=c2h5+co 1.83E+15 -0.7 12910.0
Reverse Arrhenius coefficients: 1.51E+11 0.0 4810.0
183. c2h5cho+oh=c2h5co+h2o 2.69E+10 0.8 -340.0
Reverse Arrhenius coefficients: 1.70E+10 0.8 31200.0
184. c2h5cho+ho2=c2h5co+h2o2 1.00E+12 0.0 11000.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 14000.0
185. c2h5cho=c2h5+hco 9.85E+18 -0.7 81710.0
Reverse Arrhenius coefficients: 1.81E+13 0.0 0.0
186. h2o2+h=h2+ho2 4.82E+13 0.0 7950.0
Reverse Arrhenius coefficients: 1.88E+12 0.3 24260.0
187. hco+o=co2+h 3.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 9.68E+15 0.0 110200.0
188. ch3+M=ch2+h+M 1.97E+16 0.0 92520.0
Reverse Arrhenius coefficients: 2.11E+11 1.0 -19620.0
189. ch3+oh=ch2+h2o 3.00E+06 2.0 2500.0
Reverse Arrhenius coefficients: 2.62E+06 2.0 12960.0
190. c2h4+o=ch2cho+h 3.39E+06 1.9 179.0
Reverse Arrhenius coefficients: 9.48E+06 1.8 16050.0
191. c2h5+o=ch3cho+h 5.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 9.00E413 0.0 72680.0
192. ch2oh+ch2o=ch3oh+hco 1.29E-01 4.6 6596.0
Reverse Arrhenius coefficients: 9.63E+03 2.9 13110.0
193. ac5hl0=ic4h7+ch3 7.13E+16 -0.7 73540.0
Reverse Arrhenius coefficients: 2.55E+13 -0.3 -131.0
194. c2h3+c2h4=c4h6+h 5.00E+11 0.0 7300.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 4700.0
195. ic5hl2=ic4h9+ch3 7.17E+18 -0.9 85770.0
Reverse Arrhenius coefficients: 4.00E+12 0.0 -596.0
196. ic5hl2+ho2=bc5hll+h2o2 2.80E+12 0.0 16010.0
Reverse Arrhenius coefficients: 7.64E+10 0.2 8307.0
197. ic5hl2+ho2=dc5hll+h2o2 8.40E+12 0.0 20440.0
Reverse Arrhenius coefficients: 1.00E+-13 -0.3 8415.0
198. ac5hl0+o=ic5h9+oh 3.70E+05 2.6 -1130.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 25000.0
199. ic5h9=c3h4-a+c2h5 1.98E+20 -1.6 59240.0
Reverse Arrhenius coefficients: 2.00E+11 0.0 8300.0
200. neoc5hl2=tc4h9+ch3 1.74E+22 -1.6 84020.0
Reverse Arrhenius coefficients: 4.00E+12 0.0 -596.0
201. neoc5hl2+oh=neoc5hll+h2o 3.16E+07 1.8 298.1
Reverse Arrhenius coefficients: 1.71E+07 1.6 20870.0
202. neoc5hl2+ho2=neoc5hll+h2o2 3.36E+13 0.0 20430.0
Reverse Arrhenius coefficients: 1.08E+14 -0.5 9541.0
203. neoc5hll=ic4h8+ch3 3.06E+17 -1.2 32290.0
Reverse Arrhenius coefficients: 1.35E+11 0.0 11600.0
204. c2h5o+M=ch3+ch2o+M 1.35E+38 -7.0 23800.0
Reverse Arrhenius coefficients: 6.44E+36 -7.0 16850.0
205. c2h5oh+oh=c2h5o+h2o 7.46E+11 0.3 1634.0
Reverse Arrhenius coefficients: 3.96E+13 -0.1 18520.0
206. c2h5oh+o=c2h5o+oh 1.58E+07 2.0 4448.0
Reverse Arrhenius coefficients: 8.50E+07 1.6 4087.0
207. sc2h4oh+o2=ch3cho+ho2 3.81E+06 2.0 1641.0
Reverse Arrhenius coefficients: 6.15E+05 2.2 22970.0
208. h2o2+o2=2ho2 1.84E+14 -0.7 39550.0
Reverse Arrhenius coefficients: 1.30E+11 0.0 -1629.0
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Declared duplicate reaction...
209. c2h3+o2=ch2cho+o 3.50E+14 -0.6 5260.0
Reverse Arrhenius coefficients: 2.59E+12 0.1 6459.0
210. c2h5o2=c2h5+o2 4.93E+50 -11.5 42250.0
Reverse Arrhenius coefficients: 1.09E+48 -11.5 10220.0
211. ch3o2+M=ch3+o2+M 4.34E+27 -3.4 30470.0
Reverse Arrhenius coefficients: 5.44E+25 -3.3 0.0
212. ch3o2h=ch3o+oh 6.31E+14 0.0 42300.0
Reverse Arrhenius coefficients: 1.17E+11 0.6 -1771.0
213. c3h2+o2=hcco+co+h 5.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
214. ch3o2+ch2o=ch3o2h+hco 1.99E+12 0.0 11670.0
Reverse Arrhenius coefficients: 8.50E+12 -0.5 7009.0
215. c2h5+ho2=c2h5o+oh 3.20E+13 0.0 0.0
Reverse Arrhenius coefficients: 3.08E+15 -0.3 27490.0
216. ch3o2+ch3=2ch3o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 2.97E+16 -0.9 28310.0
217. ch3o2+c2h5=ch3o+c2h5o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 6.57E+16 -0.9 31260.0
218. ch3o2+ho2=ch3o2h+o2 1.75E+10 0.0 -3275.0
Reverse Arrhenius coefficients: 5.16E+13 -0.8 34880.0
219. h2o2+oh=h2o+ho2 5.80E+14 0.0 9560.0
Reverse Arrhenius coefficients: 9.77E+13 0.3 41020.0
Declared duplicate reaction...
220. o2c2h4oh=pc2h4oh+o2 3.90E+16 -1.0 30000.0
Reverse Arrhenius coefficients: 1.20E+11 0.0 -1100.0
221. o2c2h4oh=oh+2ch2o 1.25E+10 0.0 18900.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
222. c2h5o2=c2h4o2h 5.64E+47 -11.4 37320.0
Reverse Arrhenius coefficients: 6.99E+48 -12.2 25850.0
223. c2h5o+M=ch3cho+h+M 1.16E+35 -5.9 25270.0
Reverse Arrhenius coefficients: 3.06E+30 -4.8 6100.0
224. ch3o2+ch3cho=ch3o2h+ch3co 3.01E+12 0.0 11930.0
Reverse Arrhenius coefficients: 2.52E+13 -0.5 8991.0
225. c2h3co=c2h3+co 3.04E+14 -0.5 30510.0
Reverse Arrhenius coefficients: 1.51E+11 0.0 4810.0
226. c2h3cho+oh=c2h3co+h2o 9.24E+06 1.5 -962.0
Reverse Arrhenius coefficients: 2.15E+07 1.5 35510.0
227. c2h3cho+h=c2h3co+h2 1.34E+13 0.0 3300.0
Reverse Arrhenius coefficients: 7.19E+12 0.0 24620.0
228. c2h3cho+o=c2h3co+oh 5.94E+12 0.0 1868.0
Reverse Arrhenius coefficients: 1.40E+12 0.0 21090.0
229. c2h3cho+ho2=c2h3co+h2o2 3.01E+12 0.0 11930.0
Reverse Arrhenius coefficients: 4.15E+13 -0.3 16940.0
230. c2h3cho+ch3=c2h3co+ch4 2.61E+06 1.8 5911.0
Reverse Arrhenius coefficients: 3.66E+07 1.8 27710.0
231. c2h3cho+ch3o2=c2h3co+ch3o2h 3.01E+12 0.0 11930.0
Reverse Arrhenius coefficients: 8.64E+13 -0.5 13920.0
232. c3h5o=c2h3cho+h 1.00E+14 0.0 29100.0
Reverse Arrhenius coefficients: 7.71E+11 0.5 17750.0
233. c3h5o=c2h3+ch2o 2.03E+12 0.1 23560.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 10600.0
234. c3h5o+o2=c2h3cho+ho2 1.00E+12 0.0 6000.0
Reverse Arrhenius coefficients: 1.29E+11 0.0 32000.0
235. c3hS-a+ho2=c3h50o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 2.04E+13 -0.2 12260.0
236. c3h5-a+ch3o2=c3h5o+ch3o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.99E+15 -0.7 17020.0
237. c3h6+ho2=c3h6ol-2+oh 1.29E+12 0.0 14900.0
Reverse Arrhenius coefficients: 1.00E-10 0.0 0.0
238. c3h6ol-2=c2h4+ch2o 6.00E+14 0.0 60000.0
Reverse Arrhenius coefficients: 2.97E+11 0.0 50000.0
239. c3h6ol-2+oh=ch2o+c2h3+h2o 5.00E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
240. c3h6ol1-2+ho2=ch2o+c2h3+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
241. c2h4ol-2=ch3+hco 3.63E+13 0.0 57200.0
Reverse Arrhenius coefficients: 4.82E+09 0.0 2122.0
242. c2h4ol-2=ch3cho 7.41E+12 0.0 53800.0
Reverse Arrhenius coefficients: 1.28E+11 0.2 79270.0
243. c2h4ol-2+oh=c2h3ol-2+h2o 1.78E+13 0.0 3610.0
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Reverse Arrhenius coefficients: 1.20E+12 0.2 26950.0
244. c2h4ol-2+ho2=c2h3ol-2+h2o2 1.13E+13 0.0 30430.0
Reverse Arrhenius coefficients: 4.50E+12 -0.2 22300.0
245. c3h6oohl-2=c3h6ol-2+oh 1.25E+15 -1.2 17580.0
Reverse Arrhenius coefficients: 4.96E+08 1.0 29090.0
246. c3h6ooh2-1=c3h6ol-2+oh 3.46E+16 -1.6 18870.0
Reverse Arrhenius coefficients: 2.79E+17 -1.5 33090.0
247. c3h6oohl-2=c3h6+ho2 5.50E+14 -0.8 15260.0
Reverse Arrhenius coefficients: 6.47E+10 0.2 8279.0
248. c3h6ooh2-1=c3h6+ho2 2.44E+19 -2.1 18230.0
Reverse Arrhenius coefficients: 5.82E+22 -3.2 13960.0
249. ic3h7o=ch3+ch3cho 3.84E+17 -1.2 20490.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 12900.0
250. ic3h7o=ch3coch3+h 2.00E+14 0.0 21500.0
Reverse Arrhenius coefficients: 7.89E+12 0.2 6810.0
251. ch3+oh=ch2(s)+h2o 2.65E+13 0.0 2186.0
Reverse Arrhenius coefficients: 3.24E+10 0.9 1211.0
252. nc3h7o2=c3h6oohl-2 2.00E+11 0.0 26850.0
Reverse Arrhenius coefficients: 1.90E+12 -0.2 17650.0
253. ic3h7o2=c3h6ooh2-1 6.00E+11 0.0 29400.0
Reverse Arrhenius coefficients: 3.74E+09 0.1 11810.0
254. ic3h7o2+ch3=ic3h7o+ch3o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 2.30E+12 0.2 26190.0
255. ic3h7o2+c3h5-a=ic3h7o+c3h5o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.55E+11 0.3 14900.0
256. ic3h7o2+ic4h7=ic3h7o+ic4h7o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.65E+11 0.3 14690.0
257. ic3h7o2=ic3h7+o2 2.80E+17 -0.6 36040.0
Reverse Arrhenius coefficients: 7.54E+12 0.0 0.0
258. ic3h7+ho2=ic3h7o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.10E+13 0.2 27000.0
259. ch3o2+ic3h7=ch3o+-ic3h7o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.07E+15 -0.3 31760.0
260. c3h6ol-3+ho2=ch2o+c2h3+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
261. ic4h8o+oh=ic3h6cho+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
262. ic4h8o0+ho2=ic3h6cho+h2o2 2.50E+12 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
263. io2c4h8oh=ic4h8oh+o2 1.92E+21 -2.4 35790.0
Reverse Arrhenius coefficients: 1.20E+11 0.0 -1100.0
264. io2c4h8oh=ch3coch3+ch2o+oh 1.25E+10 0.0 18900.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
265. ic4h7+o=ic3h5cho+h 6.03E+13 0.0 0.0
Reverse Arrhenius coefficients: 5.01E+15 -0.3 66490.0
266. ch3o2+ic4h7=ch3o+ic4h7o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 2.13E+15 -0.8 16810.0
267. ic4h7+ho2=ic4h7o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 2.18E+13 -0.2 12050.0
268. ic4h8+ho2=ic4h8o+oh 1.29E+12 0.0 13340.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 7500.0
269. ic4h8oh=ic4h8+oh 9.65E+13 -0.4 28500.0
Reverse Arrhenius coefficients: 9.93E+11 0.0 -960.0
270. c4h7+ho2=c4h7o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.01E+11 0.3 16890.0
271. c4h8oh-lo2=c4h8oh-l+o2 1.83E+18 0.1 47470.0
Reverse Arrhenius coefficients: 2.00E+12 0.0 0.0
272. c4h8-1+o=c3h6+ch2o 7.23E+05 2.3 -1050.0
Reverse Arrhenius coefficients: 2.00E+05 2.3 80280.0
273. c4h8-1+o=ch3cho+c2h4 1.30E+13 0.0 850.0
Reverse Arrhenius coefficients: 2.07E+12 0.0 85100.0
274. c4h8-1+o=ch3co+c2h5 1.30E+13 0.0 850.0
Reverse Arrhenius coefficients: 2.35E+12 0.0 38150.0
275. c4h8-1+o=c2h5cho+ch2 1.30E+13 0.0 850.0
Reverse Arrhenius coefficients: 5.71E+09 0.0 11000.0
276. c4h8-1+o=c2h5co+ch3 1.30E+13 0.0 850.0
Reverse Arrhenius coefficients: 4.80E+11 0.0 32550.0
277. tc4h8o2h-i=ic4h8+ho2 7.16E+19 -2.1 20660.0
Reverse Arrhenius coefficients: 3.97E+11 0.0 12620.0
278. ic4h8o2h-t=ic4h8+ho2 1.02E+16 -1.1 18820.0
Reverse Arrhenius coefficients: 3.97E+11 0.0 12620.0
238
279. ic4h8o2h-i=cc4h8o+oh 5.00E+10 0.0 15250.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
280. ic4h8o2h-i=oh+ch2o+c3h6 8.45E+15 -0.7 29170.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
281. c4h8ol-2+ho2=ch2o+c3h5-a+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
282. c4h8ol-3+ho2=ch2o+c3h5-a+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
283. c4h8o2-3+ho2=ch2o+c3h5-a+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
284. cc4h8o+oh=ch2o+c3h5-a+h2o 5.00E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
285. cc4h8o+h=ch2o+c3h5-a+h2 3.51E+07 2.0 5000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
286. cc4h8o0+o=ch2o+c3h5-a+oh 1.12E+14 0.0 5200.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
287. cc4h8o0+ho2=ch2o+c3h5-a+h2o2 1.00E+13 0.0 15000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
288. ic4h9o=ch2o+ic3h7 2.00E+14 0.0 17500.0
Reverse Arrhenius coefficients: 2.16E+11 0.1 11510.0
289. tc4h9o=ch3coch3+ch3 4.86E+14 -0.2 15240.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 11900.0
290. ic4h9o2+h2o2=ic4h9o2h+ho2 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
291. tc4h9o2+h2o2=tc4h9o2h+ho2 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
292. tc4h9o2+ch3=tc4h9o+ch3o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 7.92E+11 0.2 27260.0
293. tc4h9o2+ic4h7=tc4h9o+ic4h7o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 5.68E+10 0.4 15760.0
294. ic4h9o2=ic4h8o2h-i 7.50E+10 0.0 24400.0
Reverse Arrhenius coefficients: 1.82E+11 -0.5 8946.0
295. tc4h9o2=tc4h8o2h-i 9.00E+11 0.0 29400.0
Reverse Arrhenius coefficients: 2.03E+09 0.1 11840.0
296. ic4h9o2=ic4h8o2h-t 1.00E+11 0.0 24100.0
Reverse Arrhenius coefficients: 5.08E+06 0.8 10780.0
297. c2h4o2h=c2h5+o2 2.15E+37 -8.2 28020.0
Reverse Arrhenius coefficients: 2.42E+35 -8.0 8312.0
298. bc5hllo2=bc5hll+o2 2.32E+24 -2.5 38190.0
Reverse Arrhenius coefficients: 1.41E+13 0.0 0.0
299. a-bc5hl0o+ho2=ic3h5cho+ch3+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
300. b-dc5hl0o+ho2=ic4h8+hco+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
301. a-bc5hl0o+ho2=ch2o+c4h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
302. b-dc5hl0o+ho2=ch3coch3+c2h3+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
303. c3h4-a+ho2=c2h4+co+oh 1.00E+12 0.0 14000.0
Reverse Arrhenius coefficients: 1.00E+00 0.0 0.0
304. c3h4-a+ho2=c3h3+h2o2 3.00E+13 0.0 14000.0
Reverse Arrhenius coefficients: 1.55E+16 -1.4 44000.0
305. ch3cho+oh=ch3+hocho 3.00E+15 -1.1 0.0
Reverse Arrhenius coefficients: 5.35E+19 -1.7 119800.0
306. ic4h7o=c3h5-t+ch2o 1.01E+18 -1.4 30840.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 12600.0
307. c3h5-t+o2=c3h4-a+ho2 1.89E+30 -5.6 15540.0
Reverse Arrhenius coefficients: 1.57E+31 -5.8 26610.0
308. neoc5hllo2+h2o2=neoc5hllo2h+ho2 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
309. neo-c5hl0o+ho2=ic4h7+ch2o+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
310. c3h6+o2=c3h5-a+ho2 4.00E+12 0.0 39900.0
Reverse Arrhenius coefficients: 3.33E+10 0.3 -556.0
311. c3h6+ch3=c3h5-a+ch4 2.21E+00 3.5 5675.0
Reverse Arrhenius coefficients: 2.65E+01 3.5 23180.0
312. c3h5-a+h=c3h4-a+h2 1.81E+13 0.0 0.0
Reverse Arrhenius coefficients: 1.23E+13 0.1 47230.0
313. c3h4-a+c3h6=2c3h5-a 8.39E+17 -1.3 33690.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 0.0
314. c3h5-a+o2=c2h3cho+oh 2.47E+13 -0.4 23020.0
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Reverse Arrhenius coefficients: 1.90E+14 -0.8 74880.0
315. c3h5-s+o2=ch3cho+hco 4.34E+12 0.0 0.0
Reverse Arrhenius coefficients: 1.61E+17 -1.3 96530.0
316. c3h5-t+o2=ch3coch2+o 3.81E+17 -1.4 5580.0
Reverse Arrhenius coefficients: 2.00E+11 0.0 17500.0
317. c3h4-a+M=c3h3+h+M 1.14E+17 0.0 70000.0
Reverse Arrhenius coefficients: 1.80E+15 -0.4 10610.0
318. c3h4-a+o2=c3h3+ho2 4.00E+13 0.0 39160.0
Reverse Arrhenius coefficients: 1.18E+11 0.3 38.0
319. c3h3+h=c3h2+h2 5.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 3.85E+10 0.4 4600.0
320. c3h4-a+oh=c3h3+h2o 1.00E+07 2.0 1000.0
Reverse Arrhenius coefficients: 7.00E+06 2.0 34520.0
321. c3h4-a+o=c2h4+co 7.80E+12 0.0 1600.0
Reverse Arrhenius coefficients: 8.28E+13 -0.2 124800.0
322. c3h5-a=c3h4-a+h 6.66E+15 -0.4 63220.0
Reverse Arrhenius coefficients: 2.40E+11 0.7 3007.0
323. c3h5-t=c3h4-a+h 3.51E+14 -0.4 40890.0
Reverse Arrhenius coefficients: 8.50E+12 0.0 2000.0
324. c3h4-a+h=c3h3+h2 2.00E+07 2.0 5000.0
Reverse Arrhenius coefficients: 3.24E+06 2.0 23360.0
325. c3h4-p+M=c3h3+h+M 1.14E+17 0.0 70000.0
Reverse Arrhenius coefficients: 6.71E+11 0.6 6420.0
326. ic4h7-il=c3h4-p+ch3 2.10E+12 0.1 29950.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
327. c3h4-p+o2=c3h3+ho2 2.00E+13 0.0 41600.0
Reverse Arrhenius coefficients: 2.35E+11 0.1 78.0
328. c3h4-p+oh=c3h3+h2o 1.00E+07 2.0 1000.0
Reverse Arrhenius coefficients: 2.80E+07 1.8 32120.0
329. ic4h7+o2=ic3h5cho+oh 2.47E+13 -0.5 23020.0
Reverse Arrhenius coefficients: 1.62E+14 -0.8 73390.0
330. c3h4-p+o=c3h3+oh 7.65E+08 1.5 8600.0
Reverse Arrhenius coefficients: 2.18E+08 1.3 22470.0
331. c3h4-p+o=c2h3+hco 3.20E+12 0.0 2010.0
Reverse Arrhenius coefficients: 2.55E+12 -0.4 32350.0
332. ic4h7+o2=ch3coch2+ch2o 7.14E+15 -1.2 21050.0
Reverse Arrhenius coefficients: 1.23E+15 -1.2 90190.0
333. c3h4-p+o=hcco+ch3 9.60E+08 1.0 0.0
Reverse Arrhenius coefficients: 1.64E+10 -0.2 24090.0
334. ic4h7+o2=c3h4-a+ch2o+oh 7.29E-+29 -5.7 21450.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
335. c3h5-t=c3h4-p+h 1.08E+15 -0.6 38490.0
Reverse Arrhenius coefficients: 6.50E+12 0.0 2000.0
336. c3h5-s=c3h4-p+h 4.19E+15 -0.8 37480.0
Reverse Arrhenius coefficients: 5.80E+12 0.0 3100.0
337. c3h4-p+h=c3h3+h2 2.00E+07 2.0 5000.0
Reverse Arrhenius coefficients: 1.30E+07 1.8 20960.0
338. c3h3+o=ch2o+c2h 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 5.45E+14 0.0 31610.0
339. c3h3+oh=c3h2+h2o 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 1.34E+15 0.0 15680.0
340. c3h3+o2=ch2co+hco 3.01E+10 0.0 2870.0
Reverse Arrhenius coefficients: 4.88E+11 0.0 59470.0
341. sc4h9o2=sc4h9+o2 2.06E+17 -0.7 35740.0
Reverse Arrhenius coefficients: 7.54E+12 0.0 0.0
342. tc4h9o2=tc4h9+o2 4.90E+24 -2.5 37460.0
Reverse Arrhenius coefficients: 1.41E+13 0.0 0.0
343. tc4h9+ho2=tc4h9o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 3.53E+19 -1.6 29490.0
344. ch3o2+tc4h9=ch3o+tc4h9o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 3.45E+21 -2.2 34250.0
345. ic4h9o2=ic4h9+o2 1.26E+20 -1.6 35670.0
Reverse Arrhenius coefficients: 2.26E+12 0.0 0.0
346. ic4h9+ho2=ic4h9o+oh 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.26E+16 -0.7 26680.0
347. ch3o2+ic4h9=ch3o0+ic4h9o 7.00E+12 0.0 -1000.0
Reverse Arrhenius coefficients: 1.23E+18 -1.3 31440.0
348. c2h3ol-2=ch3co 8.50E+14 0.0 14000.0
Reverse Arrhenius coefficients: 1.49E+14 0.0 47680.0
349. c2h3ol-2=ch2cho 1.00E+14 0.0 14000.0
Reverse Arrhenius coefficients: 1.62E+15 -0.4 42460.0
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350. ch2cho=ch2co+h 3.09E+15 -0.3 50820.0
Reverse Arrhenius coefficients: 5.00E+13 0.0 12300.0
351. ch2cho+o2=ch2o+co+oh 2.00E+13 0.0 4200.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
352. c3h5-a+o2=ch2cho+ch2o 7.14E+15 -1.2 21050.0
Reverse Arrhenius coefficients: 4.94E+16 -1.4 88620.0
353. c3h5-a+o2=c2h2+ch2o+oh 9.72E+29 -5.7 21450.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
354. hcco+o2=co2+hco 2.40E+11 0.0 -854.0
Reverse Arrhenius coefficients: 1.47E+14 0.0 133600.0
355. c3h6+h=c3h5-s+h2 8.04E+05 2.5 12280.0
Reverse Arrhenius coefficients: 2.39E+03 3.0 5876.0
356. ch2co+oh=ch2oh+co 3.73E+12 0.0 -1013.0
Reverse Arrhenius coefficients: 9.43E+06 1.7 27490.0
357. ch3+o2=ch2o+oh 7.47E+11 0.0 14250.0
Reverse Arrhenius coefficients: 7.78E+11 0.0 67770.0
358. c3h5-t+o2=ch2o+ch3co 3.71E+25 -4.0 7043.0
Reverse Arrhenius coefficients: 1.87E+27 -4.4 101200.0
359. tc3h6cho+ho2=tc3h6ocho+oh 9.64E+12 0.0 0.0
Reverse Arrhenius coefficients: 2.02E+17 -1.2 21010.0
360. tc3h6ocho=ch3coch3+hco 3.98E+13 0.0 9700.0
Reverse Arrhenius coefficients: 2.17E+08 0.8 14240.0
361. tc3h6cho=ic3h5cho+h 2.88E+16 -0.6 41280.0
Reverse Arrhenius coefficients: 1.30E+13 0.0 1200.0
362. tc3h6cho=ic3h6co+h 8.88E+16 -0.7 44350.0
Reverse Arrhenius coefficients: 1.30E+13 0.0 4800.0
363. ic4h8oh=ic4h7oh+h 3.71E+14 -0.4 40790.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 1200.0
364. ic4h7o+h2=ic4h7oh+h 9.05E+06 2.0 17830.0
Reverse Arrhenius coefficients: 7.16E+05 2.4 16310.0
365. ic4h7oh=ic4h7+oh 7.31E+16 -0.4 79700.0
Reverse Arrhenius coefficients: 3.00E+13 0.0 0.0
366. ic3h6co+oh=ic3h7+co2 1.73E+12 0.0 -1010.0
Reverse Arrhenius coefficients: 2.58E+14 -0.4 55480.0
367. tc3h6oh=ch3coch3+h 5.00E+13 0.0 21860.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 0.0
368. tc3h6oh=ic3h5oh+h 6.20E+15 -0.7 40340.0
Reverse Arrhenius coefficients: 1.30E+13 0.0 1560.0
369. ic3h5oh=c3h5-t+oh 7.37E+19 -0.9 109100.0
Reverse Arrhenius coefficients: 5.00E+13 0.0 0.0
370. tc3h6o2cho=tc3h6cho+o2 2.79E+25 -4.1 28450.0
Reverse Arrhenius coefficients: 1.99E+17 -2.1 0.0
371. tc3h6o2cho=tc3h6o2hco 1.00E+11 0.0 25750.0
Reverse Arrhenius coefficients: 8.26E+11 -0.5 22800.0
372. tc3h6o2hco=ch3coch3+co+oh 4.24E+18 -1.4 4800.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
373. tc3h6oh+o2=ch3coch3+ho2 2.23E+13 0.0 0.0
Reverse Arrhenius coefficients: 6.53E+17 -1.2 25610.0
374. ic3h6co+oh=tc3h6oh+co 2.00E+12 0.0 -1010.0
Reverse Arrhenius coefficients: 1.01E+09 0.9 31540.0
375. ic3h7cho+ho2=ic3h7co+h2o2 3.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 7.71E+12 -0.3 11990.0
376. ic3h7cho+ho2=tc3h6cho+h2o2 8.00E+10 0.0 11920.0
Reverse Arrhenius coefficients: 3.37E+12 -0.4 11050.0
377. ic3h7cho+ch3=ic3h7co+ch4 3.98E+12 0.0 8700.0
Reverse Arrhenius coefficients: 2.32E+13 -0.1 25630.0
378. ic3h7cho+oh=ic3h7co+h2o 2.69E+10 0.8 -340.0
Reverse Arrhenius coefficients: 1.16E+10 0.8 31200.0
379. ic3h7cho+oh=tc3h6cho+h2o 1.68E+12 0.0 -781.0
Reverse Arrhenius coefficients: 1.19E+13 -0.1 29810.0
380. ic3h7co=ic3h7+co 1.43E+13 0.0 10950.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 4810.0
381. ic3h7cho+oh=ic3h6cho+h2o 3.12E+06 2.0 -298.0
Reverse Arrhenius coefficients: 6.39E+05 2.0 19130.0
382. ic3h7cho+ho2=ic3h6cho+h2o2 2.74E+04 2.5 15500.0
Reverse Arrhenius coefficients: 3.33E+04 2.2 3468.0
383. ic3h5cho+oh=ic3h5co+h2o 2.69E+10 0.8 -340.0
Reverse Arrhenius coefficients: 4.40E+10 0.8 36080.0
384. ic3h5cho+ho2=ic3h5co+h2o2 1.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 9.71E+12 -0.3 16880.0
385. ic3h5cho+ch3=ic3h5co+ch4 3.98E+12 0.0 8700.0
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Reverse Arrhenius coefficients: 3.93E+13 0.0 30450.0
386. ic3h5cho+o=ic3h5co+oh 7.18E+12 0.0 1389.0
Reverse Arrhenius coefficients: 1.19E+12 0.0 20560.0
387. ic3h5cho+o2=ic3h5co+ho2 2.00E+13 0.0 40700.0
Reverse Arrhenius coefficients: 1.37E+11 0.3 4484.0
388. ic3h5cho+h=ic3h5co+h2 2.60E+12 0.0 2600.0
Reverse Arrhenius coefficients: 9.82E+11 0.0 23870.0
389. ic3h5co=c3h5-t+co 1.28E+20 -1.9 34460.0
Reverse Arrhenius coefficients: 1.51E+11 0.0 4809.0
390. ic4h7o+o2=ic3h5cho+ho2 3.00E+10 0.0 1649.0
Reverse Arrhenius coefficients: 6.31E+10 -0.1 38980.0
391. ic4h7o+ho2=ic3h5cho+h2o2 3.00E+11 0.0 0.0
Reverse Arrhenius coefficients: 8.93E+14 -0.8 78500.0
392. ic4h7o+ch3=ic3h5cho+ch4 2.40E+13 0.0 0.0
Reverse Arrhenius coefficients: 7.26E+16 -0.5 95290.0
393. ic4h7o=ic4h6oh 1.39E+11 0.0 15600.0
Reverse Arrhenius coefficients: 4.23E+11 -0.2 31670.0
394. ic4h6oh+h2=ic4h7oh+h 2.16E+04 2.4 18990.0
Reverse Arrhenius coefficients: 5.61E+02 3.0 1399.0
395. ic4h6oh+ho2=ic4h7oh+o2 4.19E+13 -0.3 9.0
Reverse Arrhenius coefficients: 6.00E+13 0.0 39900.0
396. ic4h6oh+ch2o=ic4h7oh+hco 6.30E+08 1.9 18190.0
Reverse Arrhenius coefficients: 1.31E+06 2.5 15270.0
397. ic4h6oh+ic4h8=ic4h7oh+ic4h7 4.70E+02 3.3 19840.0
Reverse Arrhenius coefficients: 2.81E-01 3.9 6521.0
398. ic4h7oh=ic4h6oh+h 4.90E+16 -0.4 89850.0
Reverse Arrhenius coefficients: 1.00E+14 0.0 0.0
399. ic4h7oh+ho2=ic4h6oh+h2o2 7.92E+02 3.0 12300.0
Reverse Arrhenius coefficients: 7.83E+05 2.0 13580.0
400. ic4h8+o2=ic4h7+ho2 6.00E+12 0.0 39900.0
Reverse Arrhenius coefficients: 2.21E+12 -0.3 30.0
401. ic4h8+o=ic3h6co+2h 1.66E+07 1.8 76.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
402. ic4h6oh=c3h4-a+ch2oh 1.72E+22 -2.7 54980.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
403. ic3h7+oh=c3h6+h2o 2.41E+13 0.0 0.0
Reverse Arrhenius coefficients: 2.98E+12 0.6 83820.0
404. ic4h8o=ic3h7cho 4.18E+13 0.0 52720.0
Reverse Arrhenius coefficients: 1.39E+10 0.6 72050.0
405. neo-c5hl0o=ic4h8+ch2o 3.80E+15 0.0 60700.0
Reverse Arrhenius coefficients: 3.15E+04 2.0 59730.0
406. ic4h7o=ic3h5cho+h 5.00E+13 0.0 29100.0
Reverse Arrhenius coefficients: 3.07E+11 0.5 16470.0
407. tc4h8cho=ic4h8+hco 8.52E+12 0.0 20090.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 6000.0
408. ic4h6oh+ho2=ch2cch2oh+ch2o+oh 1.45E+13 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
409. c3h5oh+ho2=ch2cch2oh+h2o2 1.76E+09 0.3 22590.0
Reverse Arrhenius coefficients: 3.01E+09 0.0 2583.0
410. c3h5oh+oh=ch2cch2oh+h2o 5.06E+12 0.0 5960.0
Reverse Arrhenius coefficients: 1.46E+12 0.1 17410.0
411. c3h5oh+h=ch2cch2oh+h2 3.90E+05 2.5 5821.0
Reverse Arrhenius coefficients: 2.59E+04 2.5 2121.0
412. ic4h7oh=ch2cch2oh+ch3 1.25E+20 -1.0 98570.0
Reverse Arrhenius coefficients: 3.00E+13 0.0 0.0
413. ch2cch2oh+o2=ch2oh+co+ch2o 4.34E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
414. ch2cch2oh=c2h2+ch2oh 2.16E+40 -8.3 45110.0
Reverse Arrhenius coefficients: 1.61E+40 -8.6 20330.0
415. ch2cch2oh=c3h4-a+oh 6.70E+16 -1.1 42580.0
Reverse Arrhenius coefficients: 8.50E+12 0.0 2000.0
416. c2h4+ho2=c2h4ol-2+oh 2.23E+12 0.0 17190.0
Reverse Arrhenius coefficients: 1.08E+14 -0.2 37790.0
417. ic3h6co+h=ic3h7+co 4.40E+12 0.0 1459.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
418. ic3h6co+o=ch3coch3+co 3.20E+12 0.0 -437.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
419. ch3chco+oh=c2h5+co2 1.73E+12 0.0 -1010.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
420. ch3chco+oh=sc2h4oh+co 2.00E+12 0.0 -1010.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
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421. ch3chco+h=c2h5+co 4.40E+12 0.0 1459.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
422. ch3chco+o=ch3cho+co 3.20E+12 0.0 -437.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
423. ch3chcho=c2h3cho+h 3.52E+15 -0.5 41060.0
Reverse Arrhenius coefficients: 6.50E+12 0.0 2900.0
424. ch3chcho=ch3chco+h 1.14E+16 -0.7 40310.0
Reverse Arrhenius coefficients: 5.00E+12 0.0 1200.0
425. c2h5cho+ho2=ch3chcho+h2o2 8.00E+10 0.0 11920.0
Reverse Arrhenius coefficients: 1.03E+13 -0.6 9337.0
426. ch3chcho+o2=ch3chco+ho2 1.81E+11 0.0 1840.0
Reverse Arrhenius coefficients: 2.73E+10 0.0 12690.0
427. ch3chcho+o2=ch3cho+co+oh 3.62E+10 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
428. ic3h5coch3=ic3h5co+ch3 2.20E+17 -0.5 75220.0
Reverse Arrhenius coefficients: 9.64E+12 0.0 0.0
429. ic3h5coch3+ho2=ic3h5coch2+h2o2 8.50E+12 0.0 20460.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 8000.0
430. ic3h5coch3+ho2=ac3h4coch3+h2o2 9.64E+03 2.6 13910.0
Reverse Arrhenius coefficients: 4.91E+06 1.7 15200.0
431. ic3h5coch3+ho2=sc3h5coch2+h2o2 8.50E+12 0.0 20460.0
Reverse Arrhenius coefficients: 1.73E+15 -0.9 16390.0
432. ac3h4coch3=c3h4-a+ch3co 1.40E+13 0.0 60000.0
Reverse Arrhenius coefficients: 2.68E+00 2.9 12300.0
433. ic3h6cho=c3h6+hco 1.03E+15 -0.6 23170.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 7800.0
434. ic3h6cho=c2h3cho+ch3 2.42E+13 -0.3 22470.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 7800.0
435. ic3h6chcoch3+ho2=ac3h5chcoch3+h2o2 2.74E+04 2.5 15500.0
Reverse Arrhenius coefficients: 1.42E+07 1.7 16690.0
436. ic3h6chcoch3+ho2=ic3h6chcoch2+h2o2 2.38E+04 2.5 14690.0
Reverse Arrhenius coefficients: 1.69E+01 1.8 10110.0
437. ac3h5cho+ho2=ac3h5co+h2o2 3.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 1.15E+13 -0.3 11990.0
438. ac3h5cho+ho2=c2h3chcho+h2o2 9.63E+03 2.6 13910.0
Reverse Arrhenius coefficients: 2.28E+06 2.1 17670.0
439. c3h6oh=c3h6+oh 9.36E+12 0.0 27120.0
Reverse Arrhenius coefficients: 9.93E+11 0.0 -960.0
440. hoc3h6o2=c3h6oh+o2 2.87E+19 -1.9 34290.0
Reverse Arrhenius coefficients: 1.20E+11 0.0 -1100.0
441. hoc3h6o2=ch3cho+ch2o+oh 1.25E+10 0.0 18900.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
442. hoch2o=ch2o+oh 1.64E+14 -0.1 21890.0
Reverse Arrhenius coefficients: 2.60E+12 0.0 -614.0
443. hoch2o=hocho+h 1.00E+14 0.0 14900.0
Reverse Arrhenius coefficients: 3.08E+11 0.6 7944.0
444. hocho+M=co+h2o+M 2.30E+13 0.0 50000.0
Reverse Arrhenius coefficients: 1.42E+10 0.5 46840.0
445. hocho+M=co2+h2+M 1.50E+16 0.0 57000.0
Reverse Arrhenius coefficients: 2.40E+14 0.5 61020.0
446. hocho=hco+oh 4.59E+18 -0.5 108300.0
Reverse Arrhenius coefficients: 1.00E+14 0.0 0.0
447. ocho+h2o2=hocho+ho2 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 1.79E+11 0.4 24790.0
448. hocho+oh=h2o+co2+h 2.62E+06 2.1 916.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
449. hocho+oh=h2o+co+oh 1.85E+07 1.5 -962.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
450. hocho+h=h2+co2+h 4.24E+06 2.1 4868.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
451. hocho+h=h2+co+oh 6.03E+13 -0.3 2988.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
452. hocho+ch3=ch4+co+oh 3.90E-07 5.8 2200.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
453. hocho+ho2=h2o2+co+oh 1.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
454. hocho+o=co+2oh 1.77E+18 -1.9 2975.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
455. ch2(s)+M=ch2+M 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 7.16E+15 -0.9 11430.0
456. ch2(s)+o2=co+oh+h 7.00E+13 0.0 0.0
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Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
457. ch2(s)+ch2co=c2h4+co 1.60E+14 0.0 0.0
Reverse Arrhenius coefficients: 4.60E+15 -0.1 105600.0
458. ic6hll+ho2=cc6hllo-b+oh 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 2.67E+15 -1.0 17070.0
459. ac6hl2+oh=ic6hll+h2o 3.00E+13 0.0 1230.0
Reverse Arrhenius coefficients: 9.39E+14 0.1 40090.0
460. bc6hl2+oh=ic6hll+h2o 3.00E+13 0.0 1230.0
Reverse Arrhenius coefficients: 1.92E+15 -0.1 37220.0
461. cc6hl2+oh=ic6hll+h2o 3.00E+13 0.0 1230.0
Reverse Arrhenius coefficients: 8.99E+14 -0.1 38640.0
462. dc6hl2+oh=ic6hll+h2o 3.00E+13 0.0 1230.0
Reverse Arrhenius coefficients: 4.21E+14 0.1 41240.0
463. ic6hll=c3h6+c3h5-a 2.50E+13 0.0 45000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
464. ac6hl2=ic4h7+c2h5 1.00E+16 0.0 71000.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 0.0
465. bc6hl2=ch3+ic5h9 1.00E+16 0.0 71000.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 0.0
466. dc6hl2=ic3h7+c3h5-a 1.00E+16 0.0 71000.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 0.0
467. b-cc6hl2o+ho2=ic3h5cho+c2h5+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
468. b-cc6hl2o+ho2=tc3h6coc2h5+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
469. ic4h9coch3+oh=ic3h6ch2coch3+h2o 1.51E+10 1.0 1586.0
Reverse Arrhenius coefficients: 2.78E+09 1.0 21000.0
470. ic4h9coch3+oh=tc3h6ch2coch3+h2o 5.73E+10 0.5 63.0
Reverse Arrhenius coefficients: 1.78E+08 1.1 23970.0
471. ic4h9coch3+ho2=ic4h9coch2+h2o2 2.38E+04 2.5 14690.0
Reverse Arrhenius coefficients: 1.87E+07 1.5 9702.0
472. ic4h9coch3+ho2=ic3h6ch2coch3+h2o2 4.76E+04 2.5 16490.0
Reverse Arrhenius coefficients: 5.20E+04 2.2 4442.0
473. ic4h9coch3+ho2=ic3h7chcoch3+h2o2 2.00E+11 0.0 8698.0
Reverse Arrhenius coefficients: 2.39E+13 -0.6 6100.0
474. ic4h9coch3+ho2=tc3h6ch2coch3+h2o2 2.80E+12 0.0 16000.0
Reverse Arrhenius coefficients: 5.16E+10 0.3 8442.0
475. ic3h6ch2coch3=c3h6+ch3coch2 3.61E+17 -1.2 30350.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 12600.0
476. neoc6hl2=ch3+ic5h9 1.00E+16 0.0 71000.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 0.0
477. tc4h9cho+ho2=tc4h9co+h2o2 1.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 3.85E+12 -0.3 12000.0
478. tc4h9cho+oh=tc4h9co+h2o 2.69E+10 0.8 -340.0
Reverse Arrhenius coefficients: 1.75E+10 0.8 31210.0
479. tc4h9co=tc4h9+co 2.06E+21 -2.3 11180.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 4810.0
480. tc4h9cho+oh=tc4h8cho+h2o 2.29E+08 1.5 775.0
Reverse Arrhenius coefficients: 7.78E+06 1.5 20210.0
481. tc4h9cho+ho2=tc4h8cho+h2o2 3.01E+04 2.5 15500.0
Reverse Arrhenius coefficients: 6.07E+03 2.2 3472.0
482. neoc5hllcho+ho2=neoc5hllco+h2o2 2.80E+12 0.0 13600.0
Reverse Arrhenius coefficients: 1.02E+13 -0.3 13670.0
483. c4h7cho2-2+ho2=c4h7co2-2+h2o2 1.00E+12 0.0 11920.0
Reverse Arrhenius coefficients: 9.84E+12 -0.3 17880.0
484. c4h7cho2-2+ho2=c4h6cho2-21+h2o2 1.00E+04 2.5 15500.0
Reverse Arrhenius coefficients: 1.25E+07 1.6 16800.0
485. c4h7cho2-2+ho2=c4h6cho2-24+h2o2 1.00E+04 2.5 15500.0
Reverse Arrhenius coefficients: 1.25E+07 1.6 16800.0
486. c4h7co2-2=c4h7+co 8.97E+10 -0.9 20950.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 4810.0
487. xc7hl5=c3h6+ic4h9 1.66E+19 -1.6 31200.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
488. xc7hl5=xc7hl4+h 1.22E+17 -0.9 36390.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 2500.0
489. yc7hl5=ic3h7+ic4h8 9.97E+14 -0.5 30760.0
Reverse Arrhenius coefficients: 5.00E+10 0.0 9200.0
490. yc7hl5=xc7hl4+-h 3.12E+15 -0.4 39630.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 1200.0
491. yc7hl5=yc7hl4+h 6.72E+15 -0.6 38330.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 2500.0
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492. zc7hl5=cc6hl2+ch3 1.09E+15 -0.7 30450.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
493. zc7hl5=yc7hl4+h 1.78E+16 -0.8 36310.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 2500.0
494. xc7hl4+h=xc7hl3+h2 3.38E+05 2.4 207.0
Reverse Arrhenius coefficients: 5.43E+05 2.5 25050.0
495. yc7hl4+h=xc7hl3+h2 5.30E+06 2.2 0.0
Reverse Arrhenius coefficients: 1.83E+07 2.1 22250.0
496. xc7hl4+oh=xc7hl3+h2o 2.76E+04 2.6 -1919.0
Reverse Arrhenius coefficients: 1.92E+05 2.8 38080.0
497. yc7hl4+oh=xc7hl3+h2o 3.07E+02 3.2 -3500.0
Reverse Arrhenius coefficients: 4.60E+03 3.1 33900.0
498. xc7hl4=ic3h7+ic4h7 1.98E+19 -0.8 72960.0
Reverse Arrhenius coefficients: 1.28E+14 -0.3 0.0
499. yc7hl4=ch3+ic6hll 8.37E+18 -1.2 72630.0
Reverse Arrhenius coefficients: 1.93E+14 -0.3 0.0
500. yc7hl5o2=yc7hl5+o2 3.41E+23 -2.5 37210.0
Reverse Arrhenius coefficients: 3.00E+12 0.0 0.0
501. zc7hl5o2=zc7hl5+o2 2.97E+22 -2.2 37940.0
Reverse Arrhenius coefficients: 2.25E+12 0.0 0.0
502. yc7hl4ooh-y2=oh+ch3coch3+ic4h8 5.00E+13 0.0 25500.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
503. x-xlc7hl4o+ho2=dc6hl2+hco+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
504. x-ylc7hl4o+ho2=ic3h5cho+ic3h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
505. x-zc7hl4o+ho2=cc6hl2+hco+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
506. x-y2c7hl4o+ho2=ic4h8+ch3chcho+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
507. y-yc7hl4o+ho2=ch3coch3+ic4h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
508. y-zc7hl4o+ho2=ic3h5cho+ic3h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
509. x-xlc7hl4o+ho2=ch2o+ic6hll+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
510. x-ylc7hl4o+ho2=ic4h8+ch3coch2+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
511. x-zc7hl4o+ho2=c3h6+ic3h7co+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
512. x-y2c7hl4o+ho2=ch3coch3+ic4h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
513. y-yc7hl4o+ho2=ch3coch3+c4h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
514. y-zc7hl4o+ho2=ic3h6co+ic3h7+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
515. nc7hl5=ic4h8+nc3h7 5.37E+21 -2.3 32780.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 10600.0
516. oc7hl5=bc6hl2+ch3 1.86E+17 -1.1 31120.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 10600.0
517. oc7hl5=oc7hl4+h 7.24E+15 -0.7 38200.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 2500.0
518. pc7h15=tc4h9+c3h6 3.52E+21 -2.2 28120.0
Reverse Arrhenius coefficients: 1.50E+11 0.0 7200.0
519. pc7hl5=pc7hl4+h 3.32E+15 -0.5 38750.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 1200.0
520. pc7hl5=oc7hl4+h 2.78E+15 -0.7 38200.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 2500.0
521. qc7hl5=c2h4+neoc5hll 8.71E+18 -1.7 29890.0
Reverse Arrhenius coefficients: 3.30E+11 0.0 7200.0
522. qc7hl5=pc7hl4+h 5.14E+16 -0.9 37540.0
Reverse Arrhenius coefficients: 2.60E+13 0.0 2500.0
523. nc7hl5=qc7hl5 3.00E+11 0.0 14100.0
Reverse Arrhenius coefficients: 9.00E+11 0.0 14100.0
524. oc7hI4+oh=pc7hl3+h2o 1.00E+12 0.0 1230.0
Reverse Arrhenius coefficients: 1.00E+10 0.0 20000.0
525. pc7hl4+oh=pc7hl3+h2o 1.00E+12 0.0 1230.0
Reverse Arrhenius coefficients: 1.00E+10 0.0 20000.0
526. oc7hl4+oh=c2h5cho+tc4h9 2.00E+10 0.0 -4000.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
527. oc7hl4+oh=neoc5hll+ch3cho 2.00E+10 0.0 -4000.0
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Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
528. pc7hl4=tc4h9+c3h5-a 5.45E+27 -3.4 73650.0
Reverse Arrhenius coefficients: 7.22E+14 -0.8 -131.0
529. oc7hl4=ic6hll+ch3 5.78E+20 -1.6 71300.0
Reverse Arrhenius coefficients: 1.02E+14 -0.3 -131.0
530. o-pc7hl4o+oh=ch3chco+tc4h9+h2o 2.50E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
531. n-oc7hl4o+ho2=bc6hl2+hco+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
532. n-pc7hl4o+ho2=c3h6+tc3h6cho+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
533. o-pc7hl4o+ho2=ch3chco+tc4h9+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
534. o-qc7hl4o+ho2=neoc6hl2+hco+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
535. p-qc7hl4o+ho2=c2h3cho+tc4h9+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
536. n-oc7hl4o+ho2=ic4h8+c2h5co+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
537. n-pc7hl4o+ho2=ic4h8+ch3coch2+h2o2 5.00E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
538. ic8hl8=yc7hl5+ch3 7.51E+48 -9.4 96330.0
Reverse Arrhenius coefficients: 2.00E+38 -7.5 14600.0
539. ic8hl8=pc7hl5+ch3 1.18E+50 -9.8 98640.0
Reverse Arrhenius coefficients: 4.41E+41 -8.5 15580.0
540. ic8hl8=tc4h9+ic4h9 1.94E+57 -11.8 98980.0
Reverse Arrhenius coefficients: 3.19E+41 -8.6 15640.0
541. ic8hl8+h=ac8hl7+h2 7.34E+05 2.8 8147.0
Reverse Arrhenius coefficients: 1.11E+04 2.8 12420.0
542. ic8hl8+h=bc8hl7+h2 5.74E+05 2.5 4124.0
Reverse Arrhenius coefficients: 1.51E+03 2.9 10890.0
543. ic8hl8+h=cc8hl7+h2 6.02E+05 2.4 2583.0
Reverse Arrhenius coefficients: 4.56E+02 3.0 12650.0
544. ic8hl8+h=dc8hl7+h2 1.88E+05 2.8 6280.0
Reverse Arrhenius coefficients: 8.50E+03 2.8 11360.0
545. ic8hl8+o=ac8hl7+oh 8.55E+03 3.0 3123.0
Reverse Arrhenius coefficients: 5.67E+01 3.0 5305.0
546. ic8hl8+o=bc8hl7+oh 4.77E+04 2.7 2106.0
Reverse Arrhenius coefficients: 5.51E+01 3.1 6781.0
547. ic8hl8+o=cc8hl7+oh 3.83E+05 2.4 1140.0
Reverse Arrhenius coefficients: 1.27E+02 3.0 9115.0
548. ic8hl8+o=dc8hl7+oh 2.85E+05 2.5 3645.0
Reverse Arrhenius coefficients: 5.67E+03 2.5 6627.0
549. ic8hl8+oh=ac8hl7+h2o 2.63E+07 1.8 278.2
Reverse Arrhenius coefficients: 1.72E+06 1.8 19710.0
550. ic8hl8+oh=bc8hl7+h2o 9.00E+05 2.0 -1133.0
Reverse Arrhenius coefficients: 1.02E+04 2.4 20790.0
551. ic8hl8+oh=cc8hl7+h2o 1.70E+06 1.9 -1451.0
Reverse Arrhenius coefficients: 5.57E+03 2.5 23770.0
552. ic8hl8+oh=dc8hl7+h2o 1.78E+07 1.8 1431.0
Reverse Arrhenius coefficients: 3.48E+06 1.8 21660.0
553. ic8hl8+ch3=ac8hl7+ch4 4.26E-14 8.1 4154.0
Reverse Arrhenius coefficients: 1.68E-14 8.1 8911.0
554. ic8hl8+ch3=bc8hl7+ch4 2.70E+04 2.3 7287.0
Reverse Arrhenius coefficients: 1.86E+03 2.6 14540.0
555. ic8hl8+ch3=cc8hl7+ch4 6.01E-10 6.4 893.0
Reverse Arrhenius coefficients: 1.19E-11 6.9 11440.0
556. ic8hl8+ch3=dc8hl7+ch4 1.47E-01 3.9 6808.0
Reverse Arrhenius coefficients: 1.74E-01 3.9 12360.0
557. ic8hl8+ho2=ac8hl7+h2o2 2.52E+13 0.0 20440.0
Reverse Arrhenius coefficients: 9.78E+12 -0.3 8404.0
558. ic8hl8+ho2=bc8hl7+h2o2 5.60E+12 0.0 17690.0
Reverse Arrhenius coefficients: 3.78E+11 0.0 8148.0
559. ic8hl8+ho2=cc8hl7+h2o2 2.80E+12 0.0 16010.0
Reverse Arrhenius coefficients: 5.45E+10 0.2 9775.0
560. ic8hl8+ho2=dc8hl7+h2o2 1.68E+13 0.0 20440.0
Reverse Arrhenius coefficients: 1.95E+13 -0.3 9204.0
561. ac8hl7=xc7hl4+ch3 3.62E+17 -1.3 29700.0
Reverse Arrhenius coefficients: 1.OOE+11 0.0 12700.0
562. ac8hl7=ic4h8+ic4h9 1.92E+22 -2.7 28860.0
Reverse Arrhenius coefficients: 5.00E+10 0.0 10600.0
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563. bcBhl7=yc7hl4+ch3 1.15E+17 -1.1 29840.0
Reverse Arrhenius coefficients: 8.50E+10 0.0 12950.0
564. bc8hl7=oc7hl4+ch3 1.14E+15 -0.7 26370.0
Reverse Arrhenius coefficients: 1.10E+11 0.0 8275.0
565. cc8hl7=ic4h8+tc4h9 3.78E+22 -2.7 32360.0
Reverse Arrhenius coefficients: 5.00E+10 0.0 12600.0
566. dc8hl7=pc7hl4+ch3 8.18E+15 -0.9 28450.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 10200.0
567. dc8hl7=c3h6+neoc5hll 2.62E+19 -1.8 32110.0
Reverse Arrhenius coefficients: 5.00E+10 0.0 13100.0
568. dc8hl7=jc8hl6+h 5.16E+16 -0.9 34910.0
Reverse Arrhenius coefficients: 1.00E+13 0.0 2500.0
569. jc8hl6+h=ic8hl5+h2 3.70E+13 0.0 3900.0
Reverse Arrhenius coefficients: 3.48E+14 -0.4 21050.0
570. ic8hl6+oh=ic8hl5+h2o 3.70E+13 0.0 3900.0
Reverse Arrhenius coefficients: 3.22E+15 -0.6 36670.0
571. jc8hl6+oh=ic8hl5+h2o 3.70E+13 0.0 3900.0
Reverse Arrhenius coefficients: 1.51E+15 -0.4 36210.0
572. ic8hl5=ic4h8+ic4h7-il 4.51E+24 -3.0 54010.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 10600.0
573. icShl8+ch3o2=ac8hl7+ch3o2h 2.52E+13 0.0 20440.0
Reverse Arrhenius coefficients: 2.04E+13 -0.5 5384.0
574. ic8hl8+ch3o2=bc8hl7+ch3o2h 5.60E+12 0.0 17690.0
Reverse Arrhenius coefficients: 7.88E+11 -0.1 5128.0
575. ic8hl8+ch3o2=cc8hl7+ch3o2h 2.80E+12 0.0 16010.0
Reverse Arrhenius coefficients: 1.13E+11 0.1 6755.0
576. ic8hl8+ch3o2=dc8hl7+ch3o2h 1.68E+13 0.0 20440.0
Reverse Arrhenius coefficients: 4.06E+13 -0.5 6184.0
577. bc8h17o2=bc8hl7+o2 1.05E+23 -2.3 38840.0
Reverse Arrhenius coefficients: 7.54E+12 0.0 0.0
578. cc8hl7o2=cc8hl7+o2 3.62E+24 -2.6 36010.0
Reverse Arrhenius coefficients: 1.41E+13 0.0 0.0
579. h2o2+ac8hl7o2=ho2+ac8hl7o2h 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
580. h2o2+bc8hl7o2=ho2+bc8hl7o2h 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
581. h2o2+cc8hl7o2=ho2+cc8hl7o2h 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
582. h2o2+dc8hl7o2=ho2+dc8hl7o2h 2.40E+12 0.0 10000.0
Reverse Arrhenius coefficients: 2.40E+12 0.0 10000.0
583. bc8hl7o2=bc8hl6ooh-c 3.00E+10 0.0 24100.0
Reverse Arrhenius coefficients: 2.34E+09 0.0 13010.0
584. bc8hl7o2=bc8hl6ooh-d 2.25E+10 0.0 24400.0
Reverse Arrhenius coefficients: 5.28E+10 -0.5 8940.0
585. ic8eterab+oh=yc7hl4+hco+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
586. ic8eterac+oh=ic4h8+tc3h6cho+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
587. ic8eterbc+oh=ic3h5cho+tc4h9+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
588. ic8eterbd+oh=oc7hl4+hco+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
589. ic8eterab+oh=ic4h8+ic3h7co+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
590. ic8eterac+oh=ch2o+xc7hl3+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
591. ic8ezerbc+oh=ic3h6co+tc4h9+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
592. ic8eterbd+oh=c3h6+tc4h9co+h2o 1.25E+12 0.0 0.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
593. ic8eteraa+ho2=xc7hl4+hco+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
594. ic8eterab+ho2=yc7hl4+hco+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
595. ic8eterac+ho2=ic4h8+tc3h6cho+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
596. ic8eterad+ho2=c3h6+tc4h8cho+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
597. ic8eterbc+ho2=ic3h5cho+tc4h9+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
598. ic8eterbd+ho2=oc7hl4+hco+h2o2 2.50E+12 0.0 17700.0
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Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
599. ic8etercd+ho2=ic3h5cho+tc4h9+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
600. ic8eterdd+ho2=c2h3cho+neoc5hll+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
601. ic8eteraa+ho2=ic3h5cho+ic4h9+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
602. ic8eterab+ho2=ic4h84ic3h7co+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
603. ic8eterac+ho2=ch2o+xc7hl3+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
604. ic8eterad+ho2=ic4h8+ic3h6cho+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
605. ic8eterbc+ho2=ic3h6co+tc4h9+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
606. ic8eterbd+ho2=c3h6+tc4h9co+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
607. ic8etercd+ho2=ch2o+pc7hl3+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
608. ic8eterdd+ho2=ch2o+pc7hl3+h2o2 2.50E+12 0.0 17700.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
609. jc8hl6+ch3=ic8hl5+ch4 2.00E+12 0.0 7300.0
Reverse Arrhenius coefficients: 4.92E+14 -0.4 24930.0
610. ac8hl7=dc8hl7 1.39E+l11 0.0 15400.0
Reverse Arrhenius coefficients: 4.16E+11 0.0 16200.0
611. ac8hl7=cc8hl7 3.71E+11 0.0 20400.0
Reverse Arrhenius coefficients: 1.86E+10 0.6 26190.0
612. bc8hl6ooh-a=oh+ic3h7cho+ic4h8 3.12E+21 -2.4 26330.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
613. neoc5hllcoch3+ho2=tc4h9chcoch3+h2o2 2.00E+11 0.0 8698.0
Reverse Arrhenius coefficients: 2.42E+13 -0.6 6100.0
614. neoc5hllcoch3+ho2=neoc5hllcoch2+h2o2 2.38E+04 2.5 15500.0
Reverse Arrhenius coefficients: 2.98E+04 2.2 3472.0
615. neoc5hllcoch3+ho2=neoc5hl0coch3+h2o2 3.01E+04 2.5 15500.0
Reverse Arrhenius coefficients: 3.78E+04 2.2 3472.0
616. ic4h7coch3+ho2=ic4h7coch2+h2o2 2.38E+04 2.5 14690.0
Reverse Arrhenius coefficients: 1.66E+07 1.5 9691.0
617. ic4h7coch3+ho2=ic3h5chcoch3+h2o2 2.00E+11 0.0 8698.0
Reverse Arrhenius coefficients: 2.03E+13 -0.5 6080.0
618. ic4h7coch3+ho2=ac3h4ch2coch3+h2o2 9.64E+03 2.6 13910.0
Reverse Arrhenius coefficients: 9.96E+06 1.7 15210.0
619. pc7hl3o-o=c2h3cho+tc4h9 4.56E+21 -2.3 7565.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9600.0
620. ic4h6oh+h2o=ic4h7oh+oh 5.20E+08 1.4 32450.0
Reverse Arrhenius coefficients: 3.12E+06 2.0 -298.0
621. ic4h6oh+ch4=ic4h7oh+ch3 2.22E+03 2.9 23750.0
Reverse Arrhenius coefficients: 2.21E+00 3.5 5675.0
622. c3h5-a+ch2o=c3h6+hco 6.30E+08 1.9 18190.0
Reverse Arrhenius coefficients: 1.10E+08 1.9 15840.0
623. cc6hllo-b=ch3coch3+c3h5-s 7.18E+17 -1.2 28370.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 11900.0
624. xc7hl3+ho2=xc7hl3o-z+oh 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 4.57E+15 -1.1 10690.0
625. pc7hl3+ho2=pc7hl3o-o+oh 1.00E+13 0.0 0.0
Reverse Arrhenius coefficients: 1.03E+16 -1.1 15800.0
626. xc7hl3o-z=ic3h5cho4-ic3h7 3.14E+16 -0.8 12540.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 11900.0
627. xc7hl4oh-y=xc7hl4+oh 6.82E+15 -0.8 29340.0
Reverse Arrhenius coefficients: 1.00E+14 -0.5 0.0
628. xc7hl4oh-y=ic4h7oh+ic3h7 4.32E+14 -0.4 30400.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 7800.0
629. yc7hl4oh-x=xc7hl4+oh 5.75E+17 -1.2 30890.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
630. yc7hl4oh-x=ic3h5oh+ic4h9 3.87E+21 -2.3 30860.0
Reverse Arrhenius coefficients: 1.00E+ll 0.0 9200.0
631. zc7hl4oh-y=yc7hl4+oh 1.91E+16 -0.9 30260.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
632. yc7hl4oh-z=yc7hl4+oh 3.61E+16 -0.9 30670.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
633. oc7hl4oh-p=oc7hl4+oh 1.07E+16 -1.0 30350.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
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634. pc7hl4oh-o=oc7hl4+oh 1.07E+16 -1.0 30350.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
635. oc7hl4oh-p=c3h5oh+tc4h9 1.52E+24 -3.1 36530.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
636. qc7hl4oh-p=pc7hl4+oh 6.11E+14 -0.5 27700.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
637. qc7hl4oh-p=c3h5oh+tc4h9 1.89E+23 -2.8 32030.0
Reverse Arrhenius coefficients: 1.00E+11 0.0 9200.0
638. pc7hl4oh-q=pc7hl4+oh 7.60E+16 -1.2 29690.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
639. pc7hl4oh-q=ch3cho+neoc5hll 2.30E+20 -2.3 20790.0
Reverse Arrhenius coefficients: 1.00E+ll 0.0 9200.0
640. xc7hl4oh-yo2=xc7hl4oh-y+o2 1.63E+22 -2.2 34730.0
Reverse Arrhenius coefficients: 2.00E+12 0.0 0.0
641. xc7hl4oh-yo2=xc7hl4o-yo2h 1.20E+12 0.0 18900.0
Reverse Arrhenius coefficients: 1.42E+15 -0.9 3580.0
642. xc7hl4o-yo2h=ic4h9coch3+ch2o+oh 8.30E+20 -2.1 14490.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
643. yc7hl4oh-xo2=yc7hl4oh-x+o2 1.87E+18 -1.4 34300.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 0.0
644. yc7hl4o-xo2h=ic4h9coch3+ch2o+oh 2.83E+18 -1.5 17910.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
645. zc7l.14oh-yo2=zc7hl4oh-y+o2 3.49E+21 -2.1 34700.0
Reverse Arrhenius coefficients: 2.00E+12 0.0 0.0
646. zc7hl.4oh-yo2=zc7hl4o-yo2h 1.20E+12 0.0 18900.0
Reverse Arrhenius coefficients: 1.87E+15 -1.0 3630.0
647. zc7hl4o-yo2h=ic3h7cho+ch3coch3+oh 1.89E+23 -2.9 14340.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
648. yc7 hl4oh-zo2=yc7hl4oh-z+o2 8.20E+20 -2.0 35520.0
Reverse Arrhenius coefficients: 1.50E+12 0.0 0.0
649. yc7hl4oh-zo2=yc7hl4o-zo2h 1.20E+12 0.0 18900.0
Reverse Arrhenius coefficients: 1.42E+15 -0.9 3580.0
650. yc7hl4o-zo2h=ic3h7cho+ch3coch3+oh 9.87E+22 -3.0 13910.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
651. oc7hl4oh-po2=oc7hl4oh-p+o2 1.35E+21 -2.1 35560.0
Reverse Arrhenius coefficients: 1.50E+12 0.0 0.0
652. oc7hl4oh-po2=oc7hl4o-po2h 1.20E+12 0.0 18900.0
Reverse Arrhenius coefficients: 1.94E+15 -1.0 3620.0
653. oc7hl4o-po2h=tc4h9cho+ch3cho+oh 1.24E+21 -2.5 17640.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
654. pc7hl4oh-oo2=pc7hl4oh-o+o2 1.35E+21 -2.1 35560.0
Reverse Arrhenius coefficients: 1.50E+12 0.0 0.0
655. pc7hl4oh-oo2=pc7hl4o-oo2h 1.20E+12 0.0 18900.0
Reverse Arrhenius coefficients: 1.94E+15 -1.0 3620.0
656. pc7hl4o-oo2h=tc4h9cho+ch3cho+oh 1.78E+21 -2.4 16510.0
Reverse Arrhenius coefficients: 0.00E+00 0.0 0.0
657. cc8hl6oh-b=ic8hl6+oh 5.84E+16 -1.0 35400.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
658. bc8hl6oh-c=ic8hl6+oh 6.33E+15 -0.8 34880.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
659. cc8hl6oh-d=jc8hl6+oh 8.35E+17 -1.3 32550.0
Reverse Arrhenius coefficients: 1.00E+12 0.0 -1042.0
660. cc8hl6oh-bo2=cc8hl6oh-b+o2 7.68E+20 -2.0 35510.0
Reverse Arrhenius coefficients: 1.50E+12 0.0 0.0
NOTE: A units mole-cm-sec-K, E units cal/mole
NO ERRORS FOUND ON INPUT:
ASCII Vers. 1.3 CHEMKIN linkfile chem.asc written.
WORKING SPACE REQUIREMENTS ARE
INTEGER: 21291
REAL: 16257
CHARACTER: 261
Total CPrJtime: 1 second or less
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